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Abstract 

The  United  States  Air  Force  relies  on  the  corrosion  inhibiting  properties  of 
chromate- containing  primer  paints  to  protect  the  aluminum  skin  of  its  aircraft. 

Hexavalent  chromium  (Cr^^) — the  ingredient  responsible  for  the  corrosion  inhibiting 
characteristics  of  these  primers — is  a  known  human  carcinogen.  The  concentration  of 
Cr^^  in  different  particle  sizes  of  paint  overspray  is  important  to  understand  health 
implications  to  painters  as  well  as  filtration  efficiency.  Previous  research  indicates 
disproportionately  less  Cr^^  content  in  smaller  particles  collected  in  the  overspray  of 
solvent-based  epoxy-polyamide  paint  primers  (MIUP-2377G). 

This  research  explores  the  possibility  of  a  particle  size  bias  in  the  Cr^^  content  of 
three  commonly  used  aircraft  primers:  solvent-based  epoxy-polyamide,  water-based 
epoxy-polyamide  (MIL-PRF-85582C),  and  solvent-based  polyurethane  (TT-P-2760A). 
The  mass  ratio  of  air  flow  to  paint  flow  (A/P  ratio)  was  varied  during  initial  atomization. 
Seven-stage  cascade  impactors  collected  overspray  particles  into  distinct  bins  with 
particle  size  cutoff  diameters  ranging  from  0.7  |im  to  34.1  pm.  The  mass  of  the  dry  paint 
collected  in  each  bin  was  determined  and  analyzed  for  Cr^^  with  an  Atomic  Absorption 
Spectrometer. 

In  all  three  primers,  smaller  particles  contained  disproportionately  less  Cr^^  per 
mass  of  dry  paint  than  larger  particles.  Particles  with  an  aerodynamic  diameter  under  7 
pm  contained  less  Cr^^  per  mass  of  dry  paint  as  the  particles  became  smaller.  Particles 
less  than  2.6  pm  have  a  mean  Cr^^  content  of  approximately  one -third  of  the  expected 
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value.  The  range  of  A/P  ratios  tested  in  this  study  had  no  effect  on  the  Cr*’^  content  in  the 


overspray. 


CHROMATE  CONTENT  BIAS  VERSUS  OVERSPRAY  PARTICLE  SIZE  IN 


THREE  AIRCRAFT  PRIMER  PAINTS 

1.  Introduction 

Air  Force  Primer  Paint  Overview 

The  United  States  Air  Foree  (USAF)  relies  on  the  eorrosion  inhibiting  properties 
of  paint  eoating  systems  to  protect  its  aircraft,  which  must  endure  extreme  environmental 
conditions.  These  coating  systems  are  typically  comprised  of  a  surface  preparation,  a 
primer  coat,  and  topcoat  paint.  The  primer  coat,  which  is  between  the  surface  and  the 
topcoat,  provides  an  adhesive  surface  for  the  topcoat.  Additionally,  the  primer  contains 
additives  that  inhibit  oxidation  of  the  aircraft’s  aluminum  skin.  These  additives  are 
typically  chromate  (Cr04^‘)-containing  compounds. 

The  most  commonly  used  corrosion  control  additive  in  primers,  strontium 
chromate  (SrCr04),  presents  the  greatest  risk  of  cancer  for  aircraft  painters  (California 
Department  of  Health  Services,  1992).  The  most  commonly  used  military  specifications 
(MIUP-23377G,  MIL-P-85582B,  and  MIL-P-871 12)  and  federal  specification  (TT-P- 
2760A)  that  regulate  primer  paint  designate  SrCr04  or  barium  chromate  as  the  default 
corrosion  inhibitors  (T.O.  1-1-8).  Strontium  chromate  contains  chromium  in  its 
hexavalent  state  (Cr^^.  Cr^^  is  considered  a  carcinogen  by  most  national  and 
international  health  and  medical  agencies  (International  Agency  for  Research  on  Cancer 
(lARC),  1990). 

The  primary  cancer  risk  associated  with  exposure  to  Cr^^  is  through  inhalation  of 
Cr*’^-containing  dusts,  mists,  and  fumes.  Most  epidemiology  studies  that  have  focused  on 
exposure  of  workers  involved  in  the  production  of  chromates  and  Cr*’^- containing 
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pigments  show  an  excess  risk  of  respiratory  cancer.  Similar  studies  that  examine  the  risk 
of  cancer  for  workers  that  use  Cr^^- containing  compounds,  such  as  spray  painters,  are 
relatively  fewer  in  number  and  demonstrate  a  less  definitive  risk  (Dalager  et  al., 

1980:25).  It  has  been  suggested  that  the  type  of  aerosol  generated  in  a  process  (e.g., 
liquid  aerosols,  mists,  or  dusts)  is  an  important  factor  in  determining  the  health  risk  of 
Cr'’^  (Finley  eta/.,  1992:170). 

A  number  of  factors  are  important  when  characterizing  the  harmful  effects  of 
Cr^^  inhalation.  As  with  any  inhalation  hazard,  particle  size  distribution  determines  the 
how  much  material  will  deposit  in  various  regions  of  the  respiratory  system.  In  general, 
smaller  particles  will  deposit  more  deeply  in  the  respiratory  system  and  larger  particles 
will  deposit  in  the  upper  respiratory  region  primarily  due  to  impaction,  sedimentation, 
and  interception  (Schlesinger,  19XX:192).  Furthermore,  the  determination  of  the 
percentage  of  Cr^^  in  the  particles  that  are  of  a  size  that  is  readily  inhalable  is  important. 
Also,  investigating  any  dependence  of  Cr^"^  content  on  particle  size  is  important  since 
smaller  particles  tend  to  deposit  more  deeply  into  the  respiratory  system.  The  deeper  a 
particle  penetrates  into  the  respiratory  system,  the  longer  the  particle  will  remain  in  the 
system 

In  the  aircraft  painting  industry,  workers  are  exposed  to  Cr^^  in  the  paint 
overspray  created  from  the  application  of  primer  on  the  aircraft  surface.  The  suspension 
of  these  Cr^^- containing  particles  presents  an  inhalation  exposure  risk  to  the  painters. 
Therefore,  in  order  to  determine  the  risk  to  the  worker,  the  distribution  of  the  Cr*’^  over 
the  range  of  particle  sizes  in  the  overspray  must  be  characterized. 
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Thesis  Objective 

This  study  follows  previous  work,  which  found  that  the  larger  particles  contain 
disproportionately  more  Cr^^  than  smaller  particles  in  the  overspray  of  military 
specification  MIL-P-23377G  primer,  which  is  a  solvent-based  epoxy-polyamide  primer 
paint  hereinafter  referred  to  as  solvent  EP  primer.  (Fox,  2000;  Novy,  2001).  The  focus  of 
this  study  is  to  quantify  the  Cr^^  distribution  as  a  function  of  particle  size  for  three 
commonly  used  Cr^^-containing  aircraft  primer  paints. 

The  objectives  of  this  study  are  to: 

1)  Quantify  the  Cr*’^  content  in  the  oversprays  of  solvent  EP,  military  specification 
MrL-PRF-85582C  (a  water-based  epoxy-polyamide  primer  paint  hereinafter 
referred  to  as  water  EP  primer),  and  federal  specification  TT-P-2760A  primer 
paint  (a  solvent-based  elastomeric,  polyurethane  primer  paint  hereinafter 
referred  to  as  polyurethane  primer),  and 

2)  Observe  whether  the  air-to-paint  (A/P)  ratio — a  measure  describing  certain 
operating  conditions  of  the  spray  gun — will  influence  the  Cr^^  distribution  in 
various  particle  sizes  for  the  solvent  EP,  water  EP,  and  polyurethane  primer 
paint  overspray. 
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II.  Literature  Review 

Chromium 

Chromium  is  a  naturally  occurring  element  commonly  found  in  the  earth’s  crust. 
It  typically  exists  in  the  trivalent  (Cr^^),  hexavalent  (Cr^^,  or  elemental  (Cr)  states, 
however,  short-term  intermediate  states  can  be  found  including  Cr^^,  Cr'^^,  and  Cr^^. 
Chromium  has  been  recognized  as  an  important  metal  in  a  variety  of  industrial 
applications  as  well  as  an  active  component  in  a  number  of  biological  processes. 

Due  to  its  strong  oxidative  characteristics,  Cr^^  is  used  in  a  wide  range  of 
industries,  including  chemical  and  metallurgical.  Hexavalent  chromium — a  key 
component  in  stainless  steel — can  be  found  in  the  alloy  to  inhibit  oxidation  of  the  iron  as 
well  as  the  protective  casing  of  “chrome-plated”  steel  compounds.  Similarly,  Cr^^ 
compounds  are  popular  in  the  painting  industry  because  of  their  corrosion  inhibiting 
behavior.  Additionally,  Cr^^  is  universally  used  as  a  pigment  in  paint,  ink,  and  plastic 
production  industries. 

Besides  its  industrial  uses,  chromium  plays  an  important  role  in  a  few  key 
metabolic  pathways  in  the  human  body.  Cr^^  is  an  essential  micronutrient  for  humans. 
Although  only  very  small  quantities  are  needed,  Cr^^  is  necessary  for  the  metabolism  of 
glucose  through  the  potentiation  of  insulin  (Felter,  1997:  43).  The  National  Research 
Center  recommends  a  minimum  Established  Safe  and  Adequate  Daily  Dietary  Intake  of 
50-200  |ig  (National  Center  for  Complementary  and  Alternative  Medicines,  2000). 
Although  the  beneficial  aspects  of  Cr^^  are  well  documented,  more  attention  is  given  to 
the  deleterious  health  effects  of  Cr^^,  which  are  discussed  in  the  following  section. 


4 


Health  Effects  of  Chromate  Exposure 

The  primary  pathways  of  Cr^^  exposure  are  inhalation,  ingestion,  and  dermal 
contact  of  chromate- containing  compounds.  Ingestion  is  a  more  prevalent  pathway  of 
exposure  for  children,  although  workers  have  been  found  to  ingest  Cr*’^  due  to  poor 
hygiene  at  meal  and  smoking  breaks.  Dermal  contact  is  generally  associated  with 
localized,  non-cancerous  health  effects.  The  majority  of  epidemiology  studies  performed 
on  workplace  exposure  to  Cr^^  focuses  on  the  excess  cancer  risks  from  inhalation,  which 
is  also  the  pathway  of  greatest  concern. 

The  source  of  inhalable  Cr*’^,  predominately  found  in  the  form  of  mists,  dusts,  and 
fumes,  varies  depending  on  the  industrial  use  of  the  chromate- containing  substance.  In 
spraying  operations,  fine  mists  are  created  during  the  atomization  of  the  coating  liquid. 
Although  respiratory  protection  and  ventilation  controls  are  frequently  required  in  these 
operations,  workers  still  risk  inhalation  exposure,  as  these  controls  sometimes  fail  or  are 
overwhelmed.  Similarly,  in  plating  operations,  chromic  acid  mist  presents  an  inhalation 
hazard  created  by  vapor  that  diffuses  to  the  surface  of  drip  tanks  and  carries  liquid 
chromic  acid  particles  into  the  air.  Welding  is  another  commonly  cited  activity  that  is 
associated  with  Cr^^  inhalation.  In  this  case,  the  Cr*’^  exposure  results  from  the  intense 
heat  applied  to  the  stainless  steel  or  chromium- coated  material,  thus  changing  the  solid 
metal  into  a  Cr^^  fiime  (CDHS,  1992). 

As  previously  noted,  Cr^^  is  widely  recognized  for  its  carcinogenic  potential. 
lARC  sites  numerous  studies  that  show  evidence  for  carcinogenicity  of  chromate- 
containing  compounds,  including  strontium  chromate,  in  experimental  animals.  In  a 
study  of  the  carcinogenicity  potential  of  chromium-containing  materials.  Levy  et  al. 
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found  that  strontium  chromate  and,  to  a  lesser  extent,  zinc  chromate  caused  bronchial 
carcinomas  in  rat  lungs  (Levy  et  al,  1986:  243).  In  this  study,  an  intrabronchial 
implantation  system  was  used  to  dose  the  rats  with  the  test  material  in  pellet  form. 

The  lARC  and  other  agencies  also  conclude  that  compounds  are 
carcinogenic  to  humans  based,  in  part,  on  several  epidemiology  studies  of  workers  in  the 
chromate  production,  chromate  pigment  production,  and  chromium  plating  industries 
(lARC,  1997)  which  show  an  elevated  risk  of  lung  cancer..  In  an  early  study,  Mancuso 
(1975)  reported  an  elevated  risk  of  lung  cancer  in  chromate  produetion  workers. 

However,  this  study  did  not  record  the  smoking  habits  of  the  study  group.  Therefore, 
smoking — a  leading  cause  of  bronchial  carcinomas — could  not  be  diseounted  as  a 
possible  confounding  factor.  Gibb  et  al.  (2000)  repeated  this  effort  in  a  eohort  study  of 
2357  workers  in  the  chromate  production  industry.  With  improved  background  history  of 
the  study  subjects,  Gibb  et  al.  were  able  to  determine  that  the  excess  risk  of  lung  cancer 
was  not  confounded  by  the  prevalence  of  smoking  among  workers. 

As  compared  to  the  findings  in  the  aforementioned  industries,  the  relatively  few 
studies  that  focused  on  the  carcinogenicity  of  chromium  in  the  painting  industry  have 
reported  conflicting  data.  In  a  study  of  4760  deceased  spray  painters  from  ten  automobile 
assembly  plants  that  used  paints  with  chromate  pigments,  no  statistically  significant 
proportionate  mortality  ratio  (PMR)  (as  compared  to  expected  deaths  in  the  general 
population)  was  found  at  any  of  the  locations  (Chiazze  et  al.,  1980:526).  Additionally,  a 
cohort  study  of  2429  aerospace  workers,  found  no  link  to  increased  risk  of  respiratory 
cancer  among  painters  with  chromate  containing  paint  exposure  (Alexander  et  al., 
1996:1257).  However,  in  a  study  of  202  deaths  among  over  40,000  workers  employed  at 
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two  government- owned  aircraft  maintenance  bases  where  zinc  chromate  was  used  in 
painting  operations,  a  statistically  significant  elevation  of  the  proportionate  cancer 
mortality  ratio  (PCMR)  was  noted  at  one  base  (Dalager  et  al.,  1980:28).  No  information 
was  available  on  the  smoking  status  of  the  workers.  Consequently,  the  authors  of  the 
study  suggested  that  smoking  could  not  be  discounted  as  a  possible  confounding  factor 
given  the  higher  prevalence  of  smoking  among  painters  as  compared  to  the  general 
population.  There  is  not  a  clear  link  between  lung  cancer  and  spray  painters  exposed  to 
Cr^^  due  to  the  inconsistency  of  the  studies. 

Particle  Deposition  in  the  Lung 

Given  that  pulmonary  carcinoma  is  the  primary  adverse  health  effect  from  Cr^^ 
exposure,  the  distribution  of  Cr^'^-containing  particles  in  the  respiratory  system  is  of 
interest.  The  size  of  the  inhaled  particle  affects  the  location  that  particle  will  deposit  in 
the  lungs.  Specifically,  it  is  the  aerodynamic  diameter  (dae)  of  a  particle  or  the  mass 
median  aerodynamic  diameter  (MMAD)  of  an  aerosol  (i.e.,  the  dae  at  which  half  of  the 
mass  of  an  aerosol  distribution  is  less  than)  that  is  important  in  determining  the 
characteristics  of  the  deposition  of  particles  with  geometric  diameters  greater  than  0.5  )im 
(Schlesinger,  1995).  Schlesinger  lists  five  main  mechanisms  responsible  for  particle 
deposition  in  the  respiratory  system:  impaction,  sedimentation.  Brownian  diffusion, 
electrostatic  precipitation,  and  interception  (Schlesinger,  19xx:192).  Each  of  these 
mechanisms  will  dominate  in  different  regions  of  the  respiratory  system  for  different 
sized  particles,  though  impaction  is  responsible  for  the  majority  of  deposition  in  the 
conductive  zone — from  the  nasal  passage  or  mouth  to  the  terminal  bronchioles — for 
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particles  having  MMAD  greater  than  0.5  |im.  A  typical  deposition  pattern  for  an  adult 


male  is  shown  in  Figure  1  (Godish,  1991:156). 


Mass  Median  Oiameler  (jum) 

Figure  1.  Fractional  Deposition  of  Particles  (Task  Group  on  Lung  Dynamics,  1966) 
USAF  Primer  Paint 

Solvent  EP,  water  EP,  and  polyurethane  primers  are  the  most  commonly  used 
primer  paints  on  USAF  aircraft  surfaces.  While  the  specifications  corresponding  to  all 
three  of  primers  list  SrCr04  as  the  default  corrosion-  inhibiting  additive,  the  chemical  and 
physical  properties  of  these  primers  differ.  This  section  gives  a  general  description  and 
chromium  content  of  each  type  of  primer  used  in  this  study. 

Solvent-Based  Epoxy-Polyamide. 

Solvent  EP  primer  is  a  two-component  (base  and  catalyst)  epoxy-polyamide 
primer.  This  solvent-borne  primer  is  a  low  volatile  organic  compound  (VOC).  Low 
VOC,  as  defined  by  the  Environmental  Protection  Agency,  is  a  paint  that  has  a  VOC 
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content  less  than  340  grams  per  liter  at  application.  The  solvent  EP  primer  is  the  most 
frequently  used  primer  paint  in  the  Air  Force  and  is  known  for  its  solvent  and  chemical 
resistance.  The  mix  ratio  of  solvent  EP  primer  is  3  parts  base  to  1  part  catalyst.  The  base 
component  contains  25%  SrCr04  by  weight  (w/w)  according  to  the  Material  Safety  Data 
Sheet  (MSDS).  Accounting  for  the  mix  ratio,  densities  of  components,  and  mass  fraction 
of  Cr^^  in  SrCr04,  the  expected  Cr^^  content  (as  Cr^^  in  the  mixed  paint  is  5.2%  (w/w). 
Since  the  mixed  primer  is  72.72%  non-volatiles  (w/w),  the  expected  Cr^^  content  in  the 
non-volatile  fraction  of  this  primer  is  7.13%  (w/w).  Sample  calculations  of  the  expected 
chromium  content  in  mixed  paints  are  given  in  Appendix  A. 

Water  EP. 

The  water-reducible  epoxy-polyamide  primer  is  sometimes  substituted  as  a  lower 
VOC  content  alternative  to  the  solvent  EP  primer.  The  base- to- catalyst  ratio  is  specified 
as  2:1,  with  a  4.1-part  water  reduction  {i.e.,  the  mixed  paint  is — by  volume — about  58% 
water,  28%  base  component,  and  14%  catalyst  component).  Although  the  base 
component  is  30%  SrCr04  (w/w)  according  to  the  MSDS,  the  actual  chromium  content  in 
the  mixed  primer  paint  is  only  2.54%  (w/w).  Due  to  the  large  water  content,  the  non¬ 
volatile  fraction  of  the  paint  comprises  only  34.08%  (w/w)  of  the  primer,  yielding  an 
expected  Cr^^  content  in  the  non-volatile  fraction  of  the  paint  at  7.46%  (w/w). 

Polyurethane. 

Federal  specification  TT-P-2760A  is  a  two-component,  solvent-borne 
polyurethane  primer.  This  elastomeric,  low  VOC  primer  has  excellent  flexibility 
characteristics.  This  primer  paint  is  composed  of  equal  parts  (by  volume)  of  base  and 
catalyst  components.  Accounting  for  the  different  densities  of  the  components,  the 
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chromium  content  in  the  mixed  primer  is  3.03%  (w/w).  Since  the  mixed  primer  is 
70.84%  solids  (w/w),  the  expected  Cr^^  content  in  the  solids  fraction  of  this  primer  is 
4.28%  (w/w). 

Deft,  Inc  manufactured  all  three  primer  paints  investigated  in  this  study.  A 
summary  of  the  primer  specifications  and  chromium  content  is  listed  in  Table  1.  (A  more 
detailed  listing  of  primer  component  specifications  is  given  in  excerpts  from  the  product 
data  sheets  and  MSDS,  which  can  be  found  in  Appendices  B,  C,  and  D.) 

Table  1.  Summary  of  Primer  Product  Codes  and  Chromium  Content 


Solvent  EP 

Water  EP 

Polyurethane 

Military  or 
Federal 
Specification 

MIL-P-23377G 
Type  I,  Class  C 

MIL-PRF-85582C 
Type  I,  Class  C2 

TT-P-2760A 
Type  I,  Class  C 

Manufacture 
(Deft®)  Product 
Code 

02-Y-40 

44.GN-72 

09-Y-2 

Basic 

Description 

Solvent-based, 
epoxy  polyamide 

Water-reducible, 
epoxy  polyamide 

Solvent-based, 

elastomeric 

polyurethane 

Batch  Numbe  rs 
Tested 

Base:  46517 

Catalyst:  46518 

Base:  45699 

Catalyst:  45700 

Base:  45526 

Catalyst:  45527 

Mfg  Dates 

July  200 1 

April  2001 

March  2001 

SrCr04  Content 
(w/w)  in  Base 
Component 

25% 

30% 

20% 

Cr**^  Content 
(w/w)  in  Mixed 
Primer 
(as  specified) 

5.19% 

2.54% 

3.03% 

Percent  Non- 
Volatiles  in 
Mixed  Primer 

73.10% 

34.08% 

70.84% 

Cr**^  Content 
(w/w)  in  Dry 
Primer 

7.13% 

7.46% 

4.28% 
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Regulatory  Exposure  Limits 

In  the  United  States,  the  Occupational  Safety  and  Health  Administration  (OSHA) 
is  the  government  agency  charged  with  establishing  regulations  to  protect  workers  from 
hazardous  exposure  to  chemicals.  OSHA  accomplishes  this  primarily  through  the 
establishment  of  permissible  exposure  limits  (PELs).  These  limits  are  determined  after  a 
thorough  review  of  all  relevant  scientific  data  from  industry,  government,  and  the 
research  communities.  The  PEL,  a  ceiling  that  can  never  be  exceeded  at  any  time,  for 
chromate  is  0.1  mg/m^  (as  CrOa)  (29  CFR  1910.1000,  Table  Z-2).  In  1993,  however, 
OSHA  was  petitioned  by  the  Oil,  Chemical,  and  Atomic  Workers  International  Union 
(OCAW)  and  Public  Citizen’s  Health  Research  Group  (HRG)  for  an  emergency 
temporary  standard  (ETS)  to  reduce  limits  to  occupational  exposures  to  Cr^^.  Although 
the  request  for  an  ETS  was  denied,  it  prompted  OSHA  to  offer  a  proposed  rule  which 
would  replace  the  current  PEL  with  an  eight-hour,  time- weighted  average  (TWA)  of 
0.0005  mg  Cr^Vm^  (OSHA,  1996). 

This  proposed  limit  is  identical  to  the  current  eight-hour  Threshold  Limit  Value 
(TLV-TWA)  set  by  the  American  Congress  of  Governmental  Industrial  Hygienists 
(ACGIH).  ACGIH  is  a  private  organization  of  professionals  that  establishes  exposure 
limits  intended  to  protect  workers  from  adverse  health  effects.  Although  limits  set  by 
ACGIH  are  not  legally  enforceable,  OSHA  and  industry  often  reference  ACGIH 
guidelines.  Like  OSHA,  ACGIH  relies  on  the  most  relevant  scientific  data  on  the  health 
effects  of  exposure  levels  to  establish  a  limit  for  a  chemical.  Much  of  the  information 
regarding  the  exposure  to  Cr^C  containing  compounds  is  based  on  the  chromium 
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production,  chromium-pigment  production,  and  chromium  plating  industries  (Finley  et 
al,  1992:170). 

Particle  Kinetics 

In  order  to  understand  the  distribution  of  chromate  in  the  overspray  of  aircraft 
paint,  it  is  necessary  to  characterize  the  nature  of  the  overspray.  A  brief  review  of  the 
atomization  process  that  the  liquid  paint  must  undergo  reveals  a  number  of  parameters 
that  may  affect  the  mean  particle  size,  the  size  distribution  of  the  paint  particles,  and  the 
bias  in  the  Cr^^  content  over  the  range  of  particle  sizes.  This  section  describes  the 
atomization  process  as  well  as  some  of  the  key  parameters  relevant  to  spray  painting. 

Atomization  Overview. 

In  general,  the  atomization  process  of  spray  painting,  like  all  types  of  atomization, 
involves  the  disintegration  of  a  liquid  into  drops  (/.e.,  the  dispersed  phase)  suspended  in  a 
gaseous  media  {i.e.,  the  continuous  phase)  due  to  an  acting  force  (Bayvel  and 
Orzechowski,  1993:37).  As  the  liquid  stream  of  paint  emerges  from  the  nozzle  of  the 
gun,  external  forces,  mostly  from  an  air  stream  applied  at  the  nozzle  exit,  and  turbulent 
properties  of  the  fluid  begin  to  break  the  jet  into  thin  ligaments,  which  eventually  further 
disintegrate  into  drops.  Because  of  this  progression  of  droplet  formation,  many 
characteristics  of  the  spray,  such  as  drop  size  distribution  and  drop  velocity,  are  functions 
of  both  space  and  time  (Lefebvre,  1989:2).  Lefebvre  notes  that  these  characteristics  are 
influenced  by  many  parameters  including  the  geometry  of  the  spray  gun  and  nozzle,  the 
properties  of  the  air  into  which  the  paint  is  discharged,  and  the  physical  properties  of  the 
liquid  paint  (1989:2). 
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Paint  Atomization  Device. 


As  sprays  can  be  produced  by  a  number  of  different  atomization  processes,  the 
atomization  devices  will  differ  in  geometry,  operational  design,  and  operational  settings 
to  produce  sprays  with  various  characteristics.  In  the  case  of  spray  painting,  the  nozzle 
and  air  cap  of  the  spray  gun  can  be  classified  as  an  airblast  atomizer.  In  this  type  of 
atomizer,  the  paint  is  discharged  through  the  nozzle  into  a  thin  stream.  The  air  cap, 
which  is  mounted  at  the  end  of  the  paint  nozzle,  has  two  protrusions  on  the  outer  edge 

Fan  Air  Holes — control 


called  air  horns.  Closer  to  the  center  of  the  cap,  two  sets  of  holes  can  be  found  from 
which  compressed  air  jets  are  formed.  The  closest  sets  of  jets,  the  primary  atomization 
holes,  are  on  opposing  sides  of  the  nozzle  as  shown  in  Figure  2.  The  primary  atomization 
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holes  release  high  volume  jets  of  air,  which  shear  the  liquid  stream  to  begin  atomization. 
The  paint  stream  is  broken  into  thinner  streams  that  move  in  an  outward  direction  as  the 
energy  from  the  air  has  changed  the  original  vector  of  the  paint  stream.  The  outer  pairs 
of  holes  at  the  base  of  each  air  horn  are  the  containment  holes.  The  air  from  the 
containment  holes  will  send  the  particles  in  an  elongated  elliptical  pattern  towards  the 
target  (Kwok,  1991:5).  The  adjustable  volume  of  air  released  from  the  fan  holes  serves 
as  an  additional  control  on  the  pattern  width  of  the  paint.  The  number,  layout,  and  size  of 
atomization  and  containment  holes  will  vary  in  different  air  caps. 

Liquid  Properties. 

The  properties  of  the  paint — primarily,  density,  surface  tension,  and  viscosity — 
will  also  determine  particle  size  distribution.  Theoretically,  mass  flow  rate  will  increase 
proportionally  with  the  square  root  of  the  liquid  density.  However,  the  change  in  density 
of  a  liquid  will  almost  always  result  in  a  change  in  the  other  properties  of  a  liquid  which 
also  influence  particle  size  distribution  (Lefebvre,  1989:1 1). 

Surface  tension  is  related  to  the  force  with  which  the  liquid  will  resist  the  change 
in  surface  area  {i.e.,  the  formation  of  new  surface  due  to  atomization).  Thus,  the 
minimum  energy  required  to  atomize  a  given  volume  of  liquid  is  equal  to  the  surface 
tension  multiplied  by  the  ratio  of  atomized  surface  area  to  original  surface  area  (Lefebvre, 
1989:1 1).  Given  the  difficulty  in  quantifying  the  increase  in  surface  area,  the  effects  of 
viscosity  on  flow  and  spray  characteristics  may  be  more  beneficial  to  monitor. 

The  influence  of  paint  viscosity  on  particle  distribution  can  be  seen  prior  to  the 
atomization  process.  A  more  viscous  liquid  will  prevent  the  development  of  instabilities 
in  the  jet  considering  an  increase  in  viscosity  will  lower  the  Reynolds  number. 
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Therefore,  with  a  more  viscous  liquid,  the  disintegration  of  the  liquid  jet  will  occur  at 
lower  energy  farther  from  the  nozzle,  resulting  in  larger  droplet  diameters  (Lefebvre, 
1989:1 1).  Furthermore,  the  liquid  flow  rate  through  the  nozzle  will  usually  decrease  as 
viscosity  increases.  However,  the  diameter  of  the  droplets  produced  by  airblast  atomizers 
does  not  vary  much  due  to  a  change  in  viscosity  (Lefebvre,  1989:14).  Lefebvre  claims 
that  the  influence  of  viscosity  on  drop  sizes  is  more  pronounced  in  pressure  atomizers 
that  have  a  higher  liquid  velocity  relative  to  airblast  atomizers.  However,  experimental 
evidence  contradicts  this  logic.  By  increasing  viscosity  of  the  paint  from  57  centistokes 
(measure  of  a  materials  kinematic  viscosity  equal  to  mm^/s)  to  106  centistokes,  the 
MMAD  increased  slightly  from  38  qm  to  46  |im  (Kwok,  1991:192).  Although  an 
increase  in  pressure  caused  an  increase  in  average  particle  size,  Kwok  found  that  the 
shape  of  the  distribution  of  the  collected  overspray  was  not  influenced  by  a  change  in 
viscosity. 

Air-to- Paint  Ratio. 

Given  the  liquid  properties  of  a  paint  and  design  parameters  of  a  spray  gun,  only 
the  operational  settings  are  likely  to  affect  the  atomization  quality  of  the  paint.  Of  the 
operational  settings,  the  ratio  of  air  mass  flow  to  paint  mass  flow  through  the  gun  has  the 
greatest  influence  on  the  degree  of  atomization  (Kwok,  1991;  Carlton  and  Flynn,  1997). 
Kwok  observed  that  increasing  the  A/P  ratio  resulted  in  smaller  particles  as  well  as  more 
overspray  (i.e.,  lower  transfer  efficiency).  Since  increasing  the  A/P  ratio  changes  the 
magnitude  of  forces  responsible  for  atomization,  it  may  influence  the  Cr^^  content  of 
paint  particles  as  well.  It  is  worth  noting  that  while  increasing  the  A/P  ratio  will  always 
provide  for  more  atomization  {i.e.,  smaller  particles),  the  effect  that  this  parameter  has  on 
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transfer  efficiency — defined  as  the  percentage  of  mass  of  paint  sprayed  that  remains  on 
target — depends  on  other  factors.  Since  transfer  efficiency  is  a  function  of  the  Stokes 
number,  which  is  proportional  to  the  square  of  the  particle  diameter  times  the  particle’s 
velocity,  the  change  in  the  velocity  of  the  particle  is  important  to  determine  if  the  particle 
will  impact  the  target  (Kwok,  1991). 

Secondary  Atomization. 

With  the  basic  theory  of  atomization  described  above,  it  is  important  to  mention 
the  concept  of  secondary  atomization.  An  understanding  of  the  process  by  which  larger 
particles,  created  from  the  initial  atomization,  are  subsequently  atomized  into  smaller 
particles  is  helpful  in  order  to  gain  insight  about  possible  explanations  of  a  bias  in  the 
Cr^^  content  toward  larger  overspray  particles.  The  likelihood  of  a  suspended  liquid  drop 
breaking  up  in  air  largely  depends  on  the  Weber  number  of  that  drop  exceeding  its 
critical  Weber  number  (We>We*)  (Bayvel  and  Orzechovvski,  1993:70;  Lefebvre,  1989). 


where 


and 


Cn 


(1) 


Cd  =  drag  coefficient  of  the  drop. 


(2) 


where 

p  =  liquid  density 

Vl  =  liquid  velocity  in  outlet  orifice 
D  =  drop  diameter 
a  =  surface  tension  of  liquid 
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Criteria  other  than  the  critical  Weber  number  may  also  determine  the  degree  of  secondary 
atomization,  such  as  the  type  of  load  acting  on  the  initial  drop,  liquid  viscosity,  time  of 
disintegration,  and  drop  diameter  (Bayvel  and  Orzechowski,  1993:  74). 

In  general,  a  few  different  mechanisms  have  been  observed  that  describes  the 
disintegration  of  a  drop.  The  three  most  common  mechanisms  that  describe  the 
formation  of  smaller  drops  from  a  larger  drop  are  the  “parachute”-type  disintegration 
mechanism,  the  chaotic  mechanism,  and  the  shear  mechanism.  The  major  difference  in 
the  various  processes  is  the  orientation  of  the  deformation  of  the  spherical  drop.  A  drop 
that  is  flattened,  forming  an  oblate  ellipsoid,  may  stretch  to  the  point  to  which  it  forms  a 
ring- like  shape  that  disintegrates  into  several  smaller  drops  (a.k.a.  “parachute”-type 
disintegration  or  bag  meehanism).  Bayvel  and  Orzeehowski  describe  a  particular 
scenario  involving  several  paraehutes  developing  simultaneously  on  a  single  drop — the 
ehaotie  meehanism.  A  drop,  whieh  beeomes  elongated  into  a  cigar-shape,  may  develop 
into  ligaments  from  whieh  smaller  drops  are  sheared — the  shear  mechanism. 

Additionally,  local  deformations  may  develop  on  a  drop  that  result  in  the  occurrence  of 
the  shear  mechanism  or  the  burst  meehanism — a  situation  where  “shear-type” 
disintegration  proceeds  very  rapidly  (Bayvel  and  Orzechowski,  1993:72;  Lefebvre,  1989; 
30). 

Understanding  possible  mechanisms  responsible  for  the  atomization  of  particles 
may  help  explain  the  disproportionate  decrease  in  the  Cr^^  content  in  smaller  particles  in 
the  overspray.  Varying  the  A/P  ratio  in  this  study  should  vary  the  forces  involved  in 
secondary  atomization.  The  effect  of  these  forces  on  the  Cr^^  content  in  a  given  particle 
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size  range  may  help  explain  possible  mechanisms  responsible  for  the  bias  in  Cr*’^  as  a 
function  of  particle  size. 

Particle  Collection 

Since  part  of  the  motivation  behind  this  research  is  to  characterize  the  relative 
quantity  of  Cr^^  in  various  sizes  of  paint  particles,  it  was  desirable  to  select  a  method  of 
particle  collection  that  would  separate  a  particle  stream  according  to  size  in  a  manner 
similar  to  the  mechanism  of  particle  deposition  in  the  human  respiratory  system.  While 
many  different  collection  techniques  that  rely  on  mechanisms  such  as  gravitational 
settling  and  thermal  precipitation  have  been  used  to  collect  and  analyze  particle 
distributions,  most  collection  devices  are  based  on  the  mechanism  of  inertial  impaction 
(Marple  et  ah,  1993:206).  Inertial  impaction — not  simply  particle  size — is  the  most 
important  factor  determining  particle  deposition.  Not  only  is  impaction  responsible  for  a 
particle  depositing  on  the  target  surface  of  painting  operations,  impaction  is  responsible 
for  most  particle  deposition  is  the  lungs.  Impactors  (single-  or  multi-stage)  have  become 
the  standard  collection  instrument  used  in  the  determination  of  particle  distributions  of 
paint  overspray  (Kwok,  1991;  Chan  et  ah,  1986;  Ackley,  1980). 

The  principle  of  inertial  classification  is  based  on  categorizing  particles  based  on 
their  inertia.  Basically,  a  particular  flow  condition  is  set  so  that  a  particle  entering  a 
collection  device  will  either  possess  enough  inertia  so  that  it  escapes  the  trajectory  of  the 
gas  streamline  or  possess  too  little  inertia  so  that  it  remains  in  the  gas  streamline. 

Particles  that  break  free  of  the  gas  flow  will  continue  in  a  new  trajectory  until  they  impact 
on  a  collection  plate. 
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Cascade  impactors,  which  are  used  as  the  particle  collection  device  in  this  study, 
contain  multiple  numbers  of  collection  plates  called  stages.  Each  subsequent  stage  in 
these  impactors  has  smaller  inlet  jets  that  create  progressively  greater  velocities  of  the 
particle-  laden  gas  stream,  which  allow  for  impaction  of  smaller  particles  that  possessed 
less  inertia  in  the  previous  stage.  (A  schematic  drawing  of  a  typical  cascade  impactor  is 
shown  in  Figure  3.  As  Figure  3  illustrates,  a  stage  is  consists  of  the  area  from  the  inlet 
nozzle  to  the  impaction  plate  on  which  the  nozzle  flow  impinges  (Hinds,  1982:120)). 


NOZZLE 


IMPACTION 

PLATE 


FILTER 


Figure  3.  Schematic  Design  of  a  Cascade  Impactor  (Hinds,  1982:120) 
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Each  stage  of  the  cascade  impactor  collects  particles  in  a  specific  size  range  based 
on  aerodynamic  diameter.  The  nominal  measurement  of  that  stage  is  usually  referred  to 
as  the  effective  cutoff  diameter  (ECD50)  or,  simply,  cutoff  size.  In  operation,  the 


Figure  4.  Actual  and  Ideal  Impactor  Cutoff  Curves  (Hinds,  1982:117) 

aerodynamic  diameter  of  the  particles  collected  on  a  particular  stage  is  assumed  to  be 
larger  than  the  ECD50  of  that  stage  and  smaller  than  the  ECD50  of  the  previous  stage 
(Lehtimaki  and  Willeke,  1993: 117).  The  ECD50  of  a  stage  is  defined  by  the  aerodynamic 
diameter  of  a  particle  that  is  captured  with  50%  efficiency  by  that  stage — in  other  words, 
the  lower  cutoff  size.  As  displayed  by  Figure  4,  it  can  be  assumed  that,  for  this  particle 
size,  the  “mass  of  particles  larger  than  the  cutoff  size  that  get  through  (upper  shaded  area) 
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equals  the  mass  of  particles  below  the  cutoff  size  that  are  collected  (lower  shaded  area).” 
(Hinds,  1982:117). 

As  shown  in  Figure  4,  the  cutoff  size  is  often  recorded  in  terms  of  the  square  root 
of  a  dimensionless  parameter,  the  Stokes  number  {Stk)  defined  as: 


■JStk  = 

where 

Pp  =  particle  density 
Cc  =  slip  correction 
U  =  average  air  velocity  at  the  nozzle  exit  (=Q/7:(W/2)^)  for  a  round  nozzle 
dp  =  particle  diameter 
|i  =  air  dynamic  viscosity 
W  =  nozzle  diameter 

Q  =  volumetric  flow  rate  through  the  nozzle 
To  calculate  the  cutoff  sizes  for  each  stage  rearrange  the  equation  as  shown: 


where  dso  =  ECD50  for  any  given  stage  (Marple  et  al.,  1993:207-1 1). 

In  this  study,  the  ECEiso  was  calculated  for  each  stage  based  on  the  following 
version  of  equation  (4): 


P  ,c  J  lu 


9iiW 


(3) 


where 


ECD,, 


(Q)(P,) 


(5) 


0.495  =  Stokes  number  for  round  jets  (Hinds,  1982:1 18) 

Dj^  =  jet  diameter  in  cm 

n  =  number  of  jets  on  the  stage 

n  =3.1416 

Q  =  volumetric  flow  in  cm^/sec 

Pp  =  partial  density  for  aerodynamic  equivalent  =  1  g/crn^ 
p  =  viscosity  of  air  at  22°  C  =  1.83  x  10'"^  g/cm-sec 
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This  equation  is  equivalent  to  equation  (4),  but  re-arranged  in  terms  of  volumetric  air 
flow,  Q.  Also,  the  nozzle  width,  W,  from  equation  (4)  is  replaced  by  the  term  (D/)(n)  in 
equation  (5). 

Paint  Overspray  Distribution 

Several  studies  have  sought  to  characterize  the  particle  size  distribution  of  various 
types  of  paint.  Although  the  overspray  of  different  paints  produce  different  particle  size 
distributions,  significant  reductions  in  the  MMADs  of  the  overspray  were  reported  with 
increasing  atomization  pressures.  Chan  et  al.  (1986)  used  an  air  spray  gun  to  generate 
overspray  of  high-solids  acrylic  base  coat  and  clear  coat.  Spraying  with  atomization 
pressures  of  30  to  65  psig,  they  measured  the  MMAD  of  the  overspray  at  6.5  to  4.5  pm, 
respectively.  Another  study  by  Ackley  (1980)  found  that  lacquer  and  enamel  paint 
overspray  generated  from  air-blasting  had  an  average  MMAD  of  6  pm.  Kwok  (1991) 
found  that  acrylic  enamel  paint  produces  an  overspray  with  MMADs  of  30  and  52  pm 
when  sprayed  with  atomization  pressures  of  68  and  20  psig,  respectively  (Kwok,  1991). 
Previous  Over  spray  Exposure  Research 

While  research  has  been  done  to  characterize  the  distribution  of  the  particles 
generated  from  spray  painting,  little  research  has  explored  the  chemical  composition  of 
the  particles  within  that  distribution  of  particles.  Furthermore,  many  studies  have  sought 
to  estimate  the  exposure  of  workers  to  paint  overspray  (Brosseau  et  al.,  1992;  Carlton  and 
Flynn,  1997).  In  these  studies,  however,  the  effort  was  focused  on  the  concentration  of 
particles,  not  the  concentration  of  a  specific  chemical,  in  the  worker’s  breathing  zone.  It 
is  generally  assumed  that  the  exposure  hazard  is  directly  proportional  to  the  overall 
distribution  of  particles  collected  without  regard  to  any  variation  in  the  chemical 
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composition  of  the  various  particle  sizes.  Without  information  available  on  the  chemical 
composition  of  different  sized  particles,  it  is  often  assumed  that  the  particles  in  the 
overspray  are  identical  in  composition  to  the  bulk  analysis  of  the  liquid  paint. 

Few  studies  have  investigated  the  possible  non-uniformity  of  chemical 
composition  throughout  a  particle  distribution  of  paint  overspray.  D’Arcy  and  Chan 
investigated  the  differences  between  the  distribution  of  overspray  aerosol  and  the 
distributions  of  various  inorganic  species  used  as  pigments  or  luster  enhancers  in  six 
different  high-solids  automotive  primer  paint  (D’Arcy  and  Chan,  1990).  After  collecting 
overspray  aerosol  using  seven- stage  cascade  impactors,  MMADs  of  the  overspray  were 
reported  between  2.9  to  9.7  |im.  Atomic  absorption  spectrometry  (AAS)  was  used  to 
determine  the  mass  distribution  of  aluminum  and  iron  in  the  overspray  collected  on  the 
impactor  stages.  In  all  samples,  the  overall  MMAD  of  iron  was  less  than  or  equal  to  the 
MMAD  of  the  total  overspray  aerosol.  However,  most  aluminum  distributions  were 
found  to  have  a  higher  MMAD  than  that  of  the  overspray  aerosol.  They  concluded, 
“using  the  size  distribution  of  the  total  overspray  aerosol  to  estimate  the  respiratory  tract 
penetration  of  an  inorganic  species  can  produce  estimates  which  differ  from  those  based 
on  the  chemical  distribution  of  the  species,”  (D’Arcy  and  Chan,  1990:3877).  These 
results  demonstrate  the  importance  of  knowing  the  chemical  composition  of  the 
overspray  particles  throughout  the  entire  size  distribution  to  evaluate  the  true  exposure  of 
Cr*’^  to  the  painter. 
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Content  Bias 

A  previous  study  explored  the  Cr^^  content  (jig  Cr/mg  dry  paint)  in  overspray 
particles  as  a  function  of  aerodynamic  diameter  using  solvent-based  epoxy-polyamide 
primer  paint  (Fox,  2000).  His  data  revealed  a  statistically  significant  difference  in  the 
Cr^^  content  in  particles  with  an  aerodynamic  diameter  (dae)  less  than  2.5  )im 

(18 - ^SofCr - ^  ^  compared  to  particles  with  a  dae  larger  than  2.5  )im 

mgof  drypaint 

(70 - - )  Based  on  the  likely  location  of  deposition  of  particles  with  a  dae 

mgof  drypaint 

greater  than  2.5  |im,  this  finding  suggests  that  a  greater  mass  fraetion  of  Cr^^  is  deposited 
in  the  upper  respiratory  tract  than  reaches  the  respiratory  zone. 

Novy  also  studied  solvent  EP  primer,  using  the  same  military  speeifieation  paint 
from  two  different  manufacturers  (Deft  Inc.,  Irvine,  CA  and  PRC-DeSoto  International, 
Mojave,  CA)  (Novy,  2001).  Novy  was  able  to  demonstrate  a  more  detailed  bias  in  Cr^^ 
content  as  a  function  of  aerodynamic  particle  size.  Figure  5  shows  the  Cr^^  content  in  dry 
solvent  EP  plotted  as  a  function  of  the  impaction  stage  ECD50.  This  study  will  focus  on 
the  Cr^^  content  in  the  particles  of  solvent  EP  as  well  as  two  other  primers  not  previously 
investigated  for  Cr^^  bias. 
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Figure  5.  Comparison  of  Mass  Cr  per  Mass  Dry  Paint  by  Manufacturer 

(Novy,  2001) 


III.  Methodology 


Overview 

This  chapter  describes  the  equipment  and  methods  used  to  generate,  collect,  and 
analyze  the  Cr^^  content  by  particle  size  for  three  different  types  of  primer  paints.  Since 
this  study  also  investigates  the  possible  influence  of  A/P  ratio  on  Cr*’^  content  of  paint 
particles,  the  spray  painting  operation  parameters  are  discussed. 

Painting  Operation 

All  painting  operations  were  conducted  in  a  paint  booth  at  the  Coatings 
Technology  Integration  Office  (CTIO)  at  Wright-Patterson  Air  Force  Base,  Ohio.  The 
dimensions  of  this  environmentally  controlled  booth  are  10’  wide  by  14’  long  by  9’  high. 
Temperature  and  humidity  were  maintained  at  24  degrees  Celsius  (±  4  degrees)  and  8% 
(±  6%),  respectively,  for  each  sampling  event.  The  ventilation  inside  the  booth  was  set  at 
100  linear  feet  per  minute — the  minimum  ventilation  rate  required  by  OSHA  in  paint 
spraying  operations. 

Recorded  Data. 

Thirty- four  painting  runs  were  performed:  eight  with  solvent  EP,  sixteen  with 
water  EP,  and  ten  with  polyurethane.  Each  of  the  paints  was  prepared  in  accordance  with 
the  respective  product  data  sheets.  A  summary  of  the  mixing  ratios  and  selected 
specifications  of  these  paints  is  given  in  Table  2. 
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Table  2.  Primer  Preparation  Specifications  (Deft,  2000) 


Primer  Type 

Mix  Ratio 

Collection 

Runs 

Viscosity 
Test 
(Ford  #4 
cup) 

Base 

Catalyst 

Water 

Solvent-based, 
epoxy  polyamide 

75% 

25% 

0% 

8 

20-40  sec 

Water-reducible, 
epoxy  polyamide 

28% 

14% 

58% 

16 

18-22  sec 

Solvent-based, 

elastomeric 

polyurethane 

50% 

50% 

0% 

10 

14-24  sec 

To  generate  the  paint  overspray,  a  DeVilbiss  model  JGHV-531  HVLP  spray  gun, 
fitted  with  a  DeVilbiss  model  46MP  air  cap,  was  used.  A  two-quart,  pressure  fed  paint 
supply  cup  was  attached  to  the  spray  gun.  After  the  paint  was  prepared,  the  viscosity  of 
the  primer  was  tested  using  a  Ford  #4  cup.  Once  the  viscosity  test  yielded  results  within 
the  specifications  given  in  Table  2,  the  primer  was  loaded  into  the  paint  supply  cup. 

After  the  spray  pattern  was  checked  and  the  desired  nozzle  pressure  was  set,  the  spray 
conditions  were  held  constant  throughout  the  paint  run. 

A/P  Ratios. 

This  study  examines  the  effects  on  the  Cr^^  content  among  different  overspray 
particle  sizes  by  varying  one  of  the  operational  parameters  of  spray  painting — the  A/P 
ratio.  The  nozzle  pressure  was  adjusted  on  different  paint  runs  so  that  each  of  the  three 
types  of  primers  would  be  tested  at  two  different  A/P  ratios.  A  higher  A/P  ratio  was 
achieved  by  increasing  pressure  at  the  nozzle  of  the  air  cap  (thus,  increasing  the  air  mass 
flow  rate),  while  maintaining  the  same  pressure  to  the  supply  cup  (thus,  minimizing 
changes  to  the  paint  flow  rate).  Using  calibration  data  from  the  gun  manufacturer,  the 
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nozzle  pressure  can  be  used  to  estimate  an  air  mass  flow  rate.  Paint  mass  flow  rates  were 
calculated  from  the  measured  mass  of  paint  used  and  the  elapsed  spray  time  of  each  run. 

Pressure  Settings. 

For  each  of  the  paints,  multiple  sampling  events  were  conducted  at  both  a  high 
A/P  ratio  and  a  low  A/P  ratio.  Adjusting  the  wall  pressure,  which  controlled  the  nozzle 
pressure,  altered  this  ratio.  However,  the  nozzle  pressures  were  held  constant  for  all  runs 
within  each  category  (i.e.,  high  A/P  ratio  or  low  A/P  ratio).  The  pressure  in  the  supply 
cup  {i.e.,  pot  pressure)  remained  at  14  psig  for  all  sampling  events.  The  pressure  settings 
for  all  sampling  events  are  documented  in  Table  3. 

Table  3.  Pressure  Settings  and  A/P  Ratios 


Paint  Type 

High 

or 

Low 

A/P 

Number 

of 

Sample 

Runs 

Pressure  (psig) 

Air  Mass 
Flow  Rate 
(g/s) 

Avg. 

Paint 

Mass 

Flow 

Rate 

(g/s) 

Avg. 

A/P 

Ratio 

Pot 

Nozzle 

Solvent  EP 

Low 

4 

14 

2.5 

5.59 

0.76 

7.4 

Mtmm 

4 

14 

8.0 

11.0 

0.88 

12 

Water  EP 

Low 

10 

14 

7.0 

9.92 

1.16 

8.8 

High 

6 

14 

9.0 

11.9 

1.39 

9.9 

Polyurethane 

Low 

6 

14 

4.0 

7.26 

0.72 

10 

High 

4 

14 

8.0 

11.0 

0.69 

16 

The  nozzle  and  pot  pressures  were  established  based  on  recommendations  from 
painting  technicians  and  guidelines  from  the  primer  product  data  sheets.  As  suggested  by 
the  conventional  definition  of  HVLP,  the  nozzle  pressure  should  be  held  under  10  psig. 
Product  data  sheets  recommend  a  minimum  of  seven  psig  to  establish  enough  atomization 
for  an  acceptable  spray,  although  lower  settings  are  commonly  used  in  the  field.  The 
determination  of  an  acceptable  spray  was  based  on  qualitative  assessment  of  experienced 
technicians. 
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Paint  Mass  Flow  Rate. 


After  calculating  the  air  mass  flow  rate,  the  A/P  ratio  can  be  determined  by 
estimating  the  paint  mass  flow  rate.  The  rate  of  paint  flow  was  determined  by  two 
separate  methods.  In  one  measurement,  the  air  jets  that  atomize  the  paint  after  exiting  the 
nozzle  were  shut  off.  Closing  these  jets  eliminated  the  source  of  atomization  air  without 
affecting  the  source  of  air  used  to  pressurize  the  paint  pot.  A  small  mixing  cup  was  used 
to  collect  and  weigh  approximately  30  mL  of  paint.  The  time  needed  to  fill  the  test  cup 
was  used  to  calculate  a  mass  flow  rate. 

The  other  method  of  testing  the  paint  mass  flow  rate  was  conducted  by  measuring 
the  net  mass  of  the  paint  sprayed  during  the  sampling  event.  The  mass  of  paint  sprayed 
was  determined  by  recording  the  pre- weights  and  post- weights  of  the  gun,  pot,  and 
connected  hoses.  Dividing  the  mass  of  the  paint  used  by  the  recorded  elapsed  spray  time 
provides  the  paint  mass  flow  rate. 

The  latter  method  of  estimating  the  paint  mass  flow  rate  was  used  to  determine 
the  A/P  ratio  since  it  accounts  for  possible  variations  in  the  paint  flow  rate  during  sample 
collection.  A  difference  in  the  apparent  density  of  particles  in  the  overspray  was  visually 
observed  towards  the  end  of  most  sampling  events.  The  former  method  was  used  as  a 
quality  control  check.  The  average  paint  mass  flow  rate  for  each  nozzle  pressure  is 
displayed  in  Table  3. 

Background  Runs. 

In  addition  to  the  thirt)^  four  painting  runs,  three  sampling  runs  were  conducted 
without  any  painting  operations.  These  runs  were  performed  to  assess  the  background 
concentration  of  Cr*’^  in  the  paint  booth.  The  collection  procedures  for  these  events  were 
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identical  to  all  other  sampling  events  with  the  exception  of  paint  spraying.  The  average 
mass  of  Cr*’^  collected  on  each  stage  during  the  background  runs  was  subtracted  from  the 
appropriate  stage  of  each  paint  run  to  ensure  that  the  Cr^^  found  on  a  stage  of  a  paint  run 
was  from  overspray  particles. 

Overspray  Collection 

To  generate  the  paint  overspray,  the  HVLP  gun  was  aimed  at  a  cardboard  target 
and  the  overspray  was  allowed  to  draft  toward  the  cascade  impactors.  This  15”xl5” 
target  was  placed  perpendicular  to  the  direction  of  paint  flow,  eight  inches  from  the  tip  of 
the  gun’s  nozzle  as  depicted  in  Figure  6.  Furthermore,  the  centerline  of  the  paint  stream 


' -  --  .  . 

Figure  6.  HVLP  Spray  Paint  Gun  with  Sample  Collection  Set-up 
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from  the  gun  to  the  target  was  12”  from  the  front  edge  of  the  cardboard  enclosure  that 
contained  the  sample  collection  equipment.  The  enclosure  was  used  to  slow  the  velocity 
of  the  overspray  particles,  thus  increasing  the  number  of  particles  collected.  Booth 
ventilation  directed  the  overspray  toward  the  cardboard  enclosure  located  downdraft  of 
the  HVLP  gun.  The  face  of  the  enclosure  was  27”  wide  by  25”  high.  The  face  of  the 
block  was  recessed  13.5”  from  the  edge  of  the  enclosure — 25.5”  from  the  centerline  of 
the  paint  stream  leaving  the  HVLP  gun.  Four  cascade  impactors  (manufactured  by  In- 
Tox  Products)  were  used  for  overspray  collection — two  large-particle  size  range 
impactors  and  two  small-particle  size  range  impactors.  The  placement  of  the  impactors  is 
shown  in  Figure  7. 

Cardboard  Enclosure 


Figure  7.  Impactor  Layout  (Not  to  Scale) 
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The  flow  rate  through  the  impactors  was  calibrated  prior  to  the  start  of  the 
sampling  run.  After  each  sampling  event,  the  calibrations  were  checked.  All  post¬ 
calibration  air  flow  readings  were  within  1%  of  the  pre- calibrations.  All  calibrations 
were  performed  using  a  Gilibrator  Airflow  Calibration  System  #800286  with  a  high- flow 
bubble  chamber. 

After  the  impactors  were  calibrated,  the  trigger  on  the  HVLP  gun  was  held  to  a 
fiilly  open  position  with  a  plastic  zip  tie  for  the  duration  of  the  sampling  period.  The 
durations  of  the  sampling  events  varied  from  approximately  6  to  30  min.  These  times 
varied  mostly  due  to  the  varying  volumes  (640  to  1000  mL)  used  during  different 
painting  runs.  The  volume  of  paint  was  varied  to  optimize  sample  collection  without 
overloading  the  impactors. 

Particle  Size  Ranges. 

Four  seven- stage  cascade  impactors  were  used  to  collect  primer  overspray 
particles  and  separate  them  into  discrete  size  ranges  (see  Tables  4  and  5)  based  on  their 
aerodynamic  diameter.  The  ECEiso  was  calculated  for  each  stage  based  on  equation  (5). 
In  equation  (5),  the  volumetric  air  flow  rate  through  the  impactors  is  the  only  variable 
able  to  affect  the  ECD50  of  a  stage.  For  this  reason,  the  air  flow  rate  was  calibrated  for 
each  impactor  to  establish  the  ECD50  values.  The  large-particle  size  range  impactors 
were  calibrated  at  8.000  (+/-  0.050)  L/min;  while,  the  small-particle  size  range  impactors 
were  set  with  a  flow  rate  of  18.00  (+/-  0.10)  L/min.  The  calculated  ECD^o  values  at  the 
designed  flow  rates  for  the  impactors  used  in  this  study  are  given  in  Tables  4  and  5. 
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Table  4.  Small  Particle  Size  Range  Impactor  (18  L/min) 


Stage  # 

1 

2 

3 

4 

5 

6 

7 

Number  of  Jets  per  Stage 

1 

2 

3 

4 

6 

9 

12 

Average  Jet  Diameter  (cm) 

1.1125 

0.0635 

0.4003 

0.2636 

0.1679 

0.1082 

0.07315 

ECD50  (pm)  (18  L/min) 

11.4 

7.0 

43 

2.6 

1.6 

1.0 

0.7 

Particle  Size  Range  of  Stage 

>11.4 

7.0  to 
11.4 

4.3  to 
7.0 

2.6  to 
4.3 

1.6  to 
2.6 

1.0  to 
1.6 

0.7  to 
1.0 

Table  5.  Large  Particle  Size  Range  Impactor  (8  L/min) 


Stage  # 

1 

2 

3 

4 

5 

6 

7 

Number  of  Jets  per  Stage 

1 

1 

2 

2 

3 

4 

6 

Average  Jet  Diameter  (cm) 

1.7582 

1.3208 

0.7884 

0.5636 

0.3914 

0.2692 

0.1788 

ECD50  (pm)  (8  L/min) 

34.1 

22.2 

14.5 

9.5 

6.2 

4.1 

Particle  Size  Range  of  Stage 

>34.1 

22.2  to 
34.1 

9.5  to 

14.5 

6.2  to 
9.5 

4.1  to 
6.2 

2.7  to 
4.1 

Figure  8  illustrates  the  particle  size  ranges  collected  by  stage  for  both  types  of 
impactors.  This  demonstrates  the  wide  range  of  particle  diameters  collected  with  two 
different  impactor  designs,  with  an  overlap  of  several  stages  for  comparison  between  the 
two  impactors.  Note  that  there  is  no  upper  bound  on  the  size  of  particles  collected  on  the 
first  stage  of  both  impactors.  On  each  impactor,  the  seventh  stage  is  followed  by  a  back 
filter  (0.8-|im  pore  size,  not  shown  in  figure  8),  which  collects  most  particles  less  than  the 
ECD50  of  the  seventh  stage. 
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Large-Particle  Size  Range  Impactor 
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Figure  8.  Particle  Size  Range  by  Stage 


Figure  9.  Sampling  System  Layout  at  CTIO  Paint  Booth 


34 


Sampling  System, 

Figure  9  illustrates  the  layout  of  the  sampling  system.  Two  Gast  pumps  provided 
the  vacuum  source  for  airflow  through  the  impactors.  Each  pump  supplied  two 
impactors,  on  which  individual  valves  equipped  with  rotameters  regulated  the  airflow 
rates  separately.  A  five- gallon  receiving  tank  was  attached  in  series  to  each  pump 
(between  the  rotometer  and  the  vacuum  pump)  as  a  means  of  balancing  air  flow 
fluctuations.  Figure  10  shows  the  air  flow  control  system  for  the  impactors,  which  was 
located  outside  of  the  paint  booth  since  the  pumps  are  an  ignition  source  and  the  paint 
poses  a  fire  hazard.  The  hoses  from  the  rotometer  inlets  continue  under  the  booth  door 
with  the  plastic  tubing  connecting  to  the  impactors. 


Figure  10.  Sample  Collection  Vacuum  Pumps  with  Rotometers 
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Sample  Preparation 

After  particles  were  collected,  samples  containing  the  captured  paint  particles 
were  dried,  weighed,  and  digested  in  preparation  for  analysis.  Since  each  separate 
collection  plate  (seven  stages  plus  one  back  plate  per  impactor)  represents  an  individual 
sample,  each  painting  run  resulted  in  16  individual  samples  (8  high  range  and  8  low 
range)  that  required  preparation.  This  section  documents  the  procedures  followed  for 
each  sample. 

Sample  Substrates. 

Overspray  particles  were  collected  on  0.22-|j,m  (pore-size)  cellulose  ester  filters 
(CEFs),  manufactured  by  Millipore.  These  CEFs  covered  the  entire  surface  area  of  the 
impaction  plates,  ensuring  efficient  capture  of  particles  entering  the  impactors.  The  ease 
of  removal  of  these  filters  from  the  impactors  further  improved  the  efficient  transfer  of 
collected  particles  into  a  sample  solution  for  analysis.  Additionally,  CEFs  are  digestible, 
thus,  eliminating  the  need  for  additional  processing  to  remove  collected  sample  from  the 
filter  before  digesting. 

Analytical  Mass  Determination. 

Each  CEF  was  weighed  before  and  after  the  sampling  event  so  that  the  dry  mass 
of  collected  paint  particulates  could  be  determined  for  each  stage.  All  weighing 
operations  were  conducted  inside  an  air-tight  glove  box  (which  contained  Drierite 
anhydrous  calcium  sulfate).  To  minimize  fluctuation  due  to  non- evaporated  water  and 
solvent  content,  each  CEF  was  stored  in  the  sealed  glove  box  for  24  hours  before  taking 
the  pre-paint  mass  and  post-paint  mass  of  the  CEF.  After  weighing,  the  glove  box  was 
opened  only  for  the  brief  time  required  to  exchange  a  tray  (one  tray  per  painting  run)  of 
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filters — less  than  ten  seconds  per  tray.  The  glove  box  was  never  opened  during  the  24- 
hour  drying  periods  leading  up  to  the  weighing  or  during  the  weighing  operations. 

All  weighing  operations  were  performed  using  a  Mettler- Toledo  microbalance 
model  MTS  (precision  0.001  mg).  Each  sample  was  weighed  and  recorded  in  triplicate. 
Furthermore,  each  sample  was  passed  through  a  Haug  U- electrode  ionizer  model  PRX-U 
prior  to  placing  in  the  weighing  chamber  to  reduce  the  effects  of  static  charge  carried  by 
the  filter. 

Sample  Digestion 

Before  a  sample  could  be  analyzed,  the  solid  particles  and  filter  must  be  digested 
into  a  liquid  sample.  Each  paint  sample  (i.e.,  CEF  and  collected  paint)  was  placed  in  a 
Teflon  digestion  vessel  along  with  trace-metals  grade,  70%  (w/w)  nitric  acid  and  digested 
in  an  01  analytical  microwave.  5.0  mL  of  the  nitric  acid  were  added  to  most  samples,  but 
due  to  the  large  mass  of  paint  collected  on  some  first-stage  samples,  as  much  as  20  mL  of 
nitric  acid  was  added  for  complete  digestion.  Sealed  pressure  vessels  were  loaded  into 
carousels  and  digested  according  to  a  pressure- controlled  program  based  on  NIOSH 
method  7082 — used  for  digestion  of  paint  chips.  Pressure  was  held  at  a  minimum  of  70 
psig  so  that  a  minimum  temperature  of  140  degrees  C  was  maintained  for  at  least  20  min. 
Table  6  details  the  digestion  program  used. 

Table  6.  Sample  Digestion  Program 


Stage 

|»| 

Set  Point 

Dwell  Time 

Max  Time 

■■ 

(psig) 

(mm:ss) 

(mm:ss) 

1 

75 

20 

02:00 

03:00 

2 

100 

70 

20:00 

30:00 

3 

0 

0 

02:00 

02:00 
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Sample  Dilution. 

Following  digestion,  vessels  were  allowed  to  cool  before  opening.  Once  opened, 
the  contents  of  the  Teflon  vessels  were  transferred  into  a  30-mL  high- density 
polyethylene  (HDPE)  sample  bottle.  The  Teflon  vessels  were  triple  rinsed  with  a  total  of 
20  mL  of  deionized  water.  This  rinsate  was  transferred  to  the  HDPE  bottle,  yielding 
approximately  25-mL  of  sample  for  analysis. 

More  precise  sample  volumes  were  calculated  based  on  the  mass  of  each  liquid 
sample.  The  mass  of  the  liquid  in  each  HDPE  bottle  was  measured  with  a  Mettler- Toledo 
balance  model  AB204-S  (precision  0.1  mg).  Based  on  the  loaded  filter  weight  and  the 
densities  of  the  70%  nitric  acid  and  deionized  water,  the  volume  of  sample  contained  in 
each  HPDE  bottle  was  calculated: 


o  1  1  /  T\  ^sample  ^  fUter+ paint  ^^70%  PvO'/o) 

Sample  Volume  {mL)- - ^ - +  ^7o«/  (6) 

Pdi 


where 


nisampie  =  Net  Weight  of  liquid  in  HDPE  sample  bottle  (g) 
mfiiter+paint  =  Mass  of  CEF  and  paint  sample  (g) 

P70%  =  Density  70%  nitric  acid  (g/mL) 

Pdi  =  Density  of  deionized  water  (g/niL) 

V7o%  =  Volume  of  70%  nitric  acid  used  for  digestion  (mL) 


Based  on  these  calculated  sample  volumes  and  the  net  mass  of  the  paint  collected  on  each 
filter,  the  mass  of  dry  paint  per  unit  volume  of  the  liquid  sample  is  known. 

Sample  Analysis 

Analytical  determination  of  the  Cr^^  content  in  each  sample  was  performed  on  a 
GBC  Avanta  atomic  absorption  spectrometer  (AAS).  This  AAS  is  capable  of  sample 
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analysis  using  either  a  graphite  furnace  or  flame  method.  The  graphite  furnace  was  used 
for  analysis  of  liquids  expected  to  contain  less  than  one  part  per  million  (ppm)  chromium; 
the  flame  method  was  used  to  analyze  liquid  samples  expected  to  contain  between  1  and 
15  ppm.  When  necessary  a  sample  was  diluted,  either  manually  or  automatically  (by  the 
AAS),  so  that  the  chromium  concentration  was  within  the  calibration  range  of  the 
method. 

For  the  graphite  fiimace  method,  a  five-point  (7.5,  20,  40,  60,  75-parts  per  billion 
(ppb))  calibration  (R^  >  0.98)  was  performed  using  the  auto-dilution  feature  on  the  AAS 
with  a  certified  75-ppb  Cr  standard.  Three  replicate  measurements  per  sample  were 
performed.  A  75-ppb  check  sample  was  performed  for  at  least  every  ten  samples 
analyzed  for  quality  assurance.  Each  check  sample  was  followed  by  a  sample  blank  to 
detect  for  instrument  drift.  The  auto- dilution  feature  was  able  to  dilute  samples 
containing  more  than  75  ppb  Cr.  For  these  samples  above  the  calibration  range,  up  to 
two  consecutive  1:4  dilutions  were  performed  using  deionized  water.  Table  7 
summarizes  the  method  for  the  graphite  furnace. 


Table  7.  AAS  Graphite  Furnace  Parameters 


Step 

Final  Temp.  (C) 

Ramp  Time  (s) 

Hold  Time  (s) 

Gas 

Step  1 :  Inject  Sample 

Step  2:  Drying 

5 

10 

Argon 

Step  3:  Charing 

30 

10 

Argon 

Step  4:  Pyrolysis 

1400° 

15 

15 

Argon 

Step  5:  Atomize/Read 

2500° 

1.4 

1.6 

None 

Step  6:  Tube  Clean 

2700° 

0.5 

1.5 

Argon 

For  samples  containing  chromium  concentrations  greater  than  one  ppm,  an  air- 
acetylene  flame  method  was  used.  A  four-point  (1,  5,  10,  and  15-ppm)  calibration  (R^  > 
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0.98)  was  performed  using  standards  prepared  from  a  certified  250-ppm  standard.  To 
ensure  consistent  atomization,  a  fuel/oxidant  ratio  of  approximately  1.8/10  was 
maintained  for  all  samples  analyzed  by  this  method.  Quality  assurance  measures 
identical  to  those  described  for  the  graphite  fiimace  method  were  implemented  for  flame 
atomization  using  a  10-ppm  standard.  Since  auto-dilution  was  not  available  for  the  flame 
atomizer,  all  samples  containing  over  1 5  ppm  Cr  were  manually  diluted  if  the  sample  was 
above  the  calibration  range  for  the  instrument. 

Calculation  of  Chromium  Content  in  Dry  Paint 

Chromium  concentrations  reported  by  the  AAS  ()J,g  Cr/L  sample)  were  divided  by 
the  mass  of  dry  paint  collected  in  each  sample  to  calculate  the  Cr^^  content 
UP  Cr"'* 

( — — - xl00% )  in  different  size  ranges  of  particles  collected.  Equation  7  was  used 

lUg  dry  paint 

to  calculate  the  chromium  content  in  dry  paint  on  the  CEF  for  each  stage: 

jttg  Cr  ^ AAS  ^sample  {1^ 

dry  paint 

where 

Caas  =  AAS  reported  concentration  [corrected  for  dilution,  if  necessary] 
(Itg/L) 

Vsampie  =  Sample  volume  [calculated  from  Equation  (6)]  (L) 

Mpaint  =  Mass  of  dry  paint  sample  (|ag) 
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IV.  Results 


Content  per  Mass  of  Dry  Paint 

Table  8  presents  the  results  of  the  Cr^^  analysis  as  a  function  of  particle  size  range 
collected  (by  impactor  stage)  for  the  three  primer  paints.  The  number  of  samples  in  each 
particle  size  range  (n)  and  the  standard  deviation  of  the  sample  mean  (SD)  are  listed  for 
each  primer  type. 

Table  8.  Average  Cr^^  Content  per  Mass  of  Dry  Primer  Paint 


1 

Particle  Size 
Range 

(pm) 

Solvent-Based 

Epoxy-Polyamide 

Water-Based 

Epoxy-Polyamide 

Solvent-Based 

Elastomeric 

Polyurethane 

Mean 

%Cr®^ 

SD 

n 

Mean 

%Cr®^ 

SD 

n 

Mean 

%Cr®^ 

SD 

n 

0.7  <dae<  1  .0 

7 

0.67% 

0.27% 

14 

0.36% 

0.13% 

■ 

1 .0  <dae<  1  .6 

1.18% 

0.42% 

8 

0.72% 

0.27% 

15 

0.51% 

0.08% 

■ 

1.6<dae<2.6 

1 .74% 

0.67% 

8 

1.15% 

0.29% 

16 

0.90% 

0.13% 

m 

S4 

2.6  <dae<  4.3 

2.48% 

0.73% 

8 

2.89% 

0.68% 

16 

1 .65% 

0.17% 

H 

L7 

2.7<dae<4.1 

2.90% 

0.73% 

6 

1.89% 

0.65% 

16 

1 .70% 

0.95% 

M 

L6 

4.1  <dae<  6.2 

4.77% 

1 .42% 

7 

4.95% 

1 .04% 

14 

2.51% 

0.72% 

H 

S3 

4.3  <dae<  7.0 

4.41% 

1 .53% 

5 

4.97% 

0.67% 

14 

2.79% 

0.39% 

m 

L5 

6.2  <dae<  9.5 

6.17% 

0.47% 

5 

6.50% 

1.15% 

15 

3.77% 

0.94% 

H 

S2 

7.0  <dae<  1  1 .4 

7.09% 

1 .65% 

8 

6.56% 

1 .36% 

16 

3.72% 

0.70% 

■ 

L4 

9.5  <dae<  14.5 

7.20% 

0.98% 

6 

6.67% 

1 .36% 

14 

3.86% 

0.71% 

H 

L3 

14.5<dae<  22.2 

5.17% 

0.57% 

6 

6.27% 

1.21% 

13 

3.76% 

0.74% 

H 

L2 

22.2  <dae<  34.1 

4.45% 

1 .37% 

6 

5.57% 

1 .22% 

14 

3.60% 

1 .06% 

m 

L1 

34.1  <dae 

6.94% 

1 .99% 

6 

6.03% 

1 .29% 

15 

4.34% 

0.51% 

m 

*S  denotes  small -particle  size  range  impactor;  L  denotes  large  particle-size 
range  impactor 


The  results  of  the  analysis  of  the  samples  collected  on  the  first  stage  of  the  small 


particle  size  range  impactor  (SI)  were  not  reported.  The  mass  of  paint  particles  collected 
on  the  filters  from  SI  was  so  large  that  complete  digestion  could  not  be  reliably 
accomplished. 

Figures  1  la-c  display  the  mean  percent  Cr^^  plotted  against  the  particle  size  range 
collected.  Since  some  stages  from  the  small  and  large  particle  size  range  impactors 


overlap,  the  stages  for  both  impactor  types  are  plotted  in  two  different  shades.  Dark  areas 
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represent  stages  of  the  small  particle  size  range  impactors;  light  areas  are  for  the  large 
particle  size  range  impactor  stages.  The  vertical  range  of  percent  Cr*’^  plotted  covers  the 
95%  confidence  interval  about  the  mean.  A  solid  line  is  included  on  each  figure  to  show 
the  expected  Cr^^  content  per  mass  of  dry  paint  for  the  corresponding  type  of  primer  (as 
reported  in  Table  1).  The  particle  size  range  collected  by  the  largest  stage  displayed  on 
these  figures  has  no  theoretical  upper  limit,  although  the  figures  are  arbitrarily  trunc  ated 
at  40  |im.  Nevertheless,  it  is  unlikely  that  an  appreciable  number  of  larger  particles 
entered  the  impactor  as  these  particles  would  have  impacted  on  the  cardboard  target. 


Figure  11a.  Mass  of  per  Mass  of  Dry  Paint:  Solvent-Based  Epoxy-Polyamide 
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jure  11b.  Mass  of  Cr^^  per  Mass  of  Dry  Paint:  Water-Based  Epoxy- Polyamide 


0  5  10  15  20  25  30  35  40 


Particle  Diameter,  (tun) 

Figure  11c.  Mass  of  Cr^^  per  Mass  of  Dry  Paint:  Solvent-Based  Elastomeric 

Polyurethane 
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A/p  Ratio  Influence  on  Content 

Figures  12a-c  show  the  mean  percent  Cr^^  plotted  against  the  ECD50  for  each 
impactor  stage  for  the  subsets  of  both  the  high  and  low  A/P  ratios.  The  percent  Cr*’^  is 
plotted  as  a  function  of  the  ECD50  value  of  each  impactor  stage  to  clearly  compare  the 
trends.  The  error  bars  on  these  figures  enclose  the  95%  confidence  interval  about  the 
mean  percent  Cr^^.  The  data  points  for  the  high  A/P  ratio  data  series  are  slightly  offset  to 
the  right  so  that  the  error  bars  for  the  two  series  of  data  are  easier  to  distinguish. 
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Figure  12a.  Comparison  of  Mean  Percent  Ci^^  for  Different  A/P  Ratios: 
Solvent-Based  Epoxy-Polyamide 
(Bars  represent  95%  confidence  interval  about  mean) 
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Figure  12b.  Comparison  of  Mean  Percent  for  Different  A/P  Ratios: 
Water-Based  Epoxy-Polyamide 
(Bars  represent  95%  confidence  interval  about  mean) 


ECD50  (pm) 

Figure  12c.  Comparison  of  Mean  Percent  Cr®^  for  Different  A/P  Ratios: 
Solvent -Based  Elastomeric  Polyurethane 
(Bars  represent  95%  confidence  interval  about  mean) 
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The  means  of  the  high  and  low  A/P  ratio  categories  were  compared  for  each  stage 
using  a  paired  Student’s  t  analysis.  For  both  epoxy- polyamide  primers,  the  mean  percent 
Cr6+  fQj-  at  least  two  stages  were  found  to  be  statistically  different  (at  the  a  =  0.05  level). 
However,  due  to  the  small  sample  sizes  and  the  lack  of  any  repeatable  trend,  these  data 
suggest  that  practical  variations  in  the  A/P  ratios  do  not  impact  the  Cr*’^  bias  to  any 
appreciable  degree. 

Comparison  of  Content  Bias  to  Previous  Study 

Figure  13  compares  the  Cr*’^  content  bias  found  in  the  solvent-based  epoxy¬ 
polyamide  primer  paint  during  this  study  to  the  Cr*’^  content  bias  reported  by  Novy 
(2001)  on  the  same  military  specification  primer  from  the  same  manufacturer.  The 
agreement  of  the  data  indicates  a  high  degree  of  repeatability  between  these  studies.  The 
error  bars  shown  in  Figure  13  contain  the  95%  confidence  interval  about  the  mean. 


Figure  13.  Comparison  of  Mass  of  Cr^^  per  Mass  of  Dry  Paint  by  Study 
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V.  Discussion 


Content  Bias  in  Different  Primers 

The  mean  percent  of  the  largest  particle  sizes  collected  closely  match  the 
expected  Cr*’^  content  in  the  dry  paint.  For  all  three  primers,  the  Cr^^  content  per  mass  of 
dry  paint  in  the  last  five  stages  (dae  <  7.0  |im)  of  the  small  particle  size  range  impactor 
and  the  last  two  stages  (dae  <  6.2  |im)  of  the  large  particle  size  range  impactor  was 
significantly  less  than  the  expected  Cr*’^  (at  the  a=0.05  level  of  confidence).  With  the 
exception  of  the  water  EP  primer,  the  mean  Cr^^  content  of  the  largest  stage  (dae  >34.1 
|im)  was  within  2%  of  the  expected  value.  This  observation  suggests  that  the  Cr^^ 
content  in  the  larger  particles  is  similar  to  that  of  the  solids  fraction  of  the  homogeneous, 
mixed  primer  paint. 

The  lar^st  particles  collected  of  the  water-based  epoxy-polyamide  primer 
contained  less  than  the  expected  amount  of  Cr^"^  per  mass  of  dry  paint  (at  the  a=0.05 
level  of  confidence).  This  may  be  due  to  water  content  in  the  collected  paint  particles 
that  did  not  evaporate  during  the  drying  phase.  Water-based  primers  have  been  noted  for 
the  slow  removal  of  water  during  the  curing  process  (Mitchell,  2002).  The  high  reactivity 
of  water  with  the  epoxy  resins  may  have  caused  some  of  the  water  to  remain  in  the  dry 
paint,  which  would  add  mass  to  the  dry  paint,  thus  lowering  the  measured  percent  Cr^^  in 
the  dry  paint.  Nevertheless,  the  overall  trend  of  the  Cr^^  content  in  the  water  EP  primer 
followed  that  of  the  other  two  primers.  This  bias  is  expected  to  be  less  prevalent  with 
smaller  particles  since  water  may  be  able  to  escape  more  easily  with  the  larger  surface 
area  to  volume  ratio. 
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Influence  of  A/P  Ratio  on  Content 


The  variation  of  the  A/P  ratio  during  paint  atomization  did  not  have  a  discemable 
effect  on  the  Cr*’^  content  of  the  particles.  Testing  over  a  greater  range  of  A/P  ratios  may 
have  produced  different  results.  However,  the  range  of  A/P  ratios  tested  in  this  study 
reflects  the  normal  operating  conditions  in  the  field.  Higher  or  lower  A/P  ratios  would 
have  produced  unacceptable  spray  patterns  or  would  not  have  been  possible  with  an 
HVLP  gun. 

Implications  of  Content  Bias 

The  repeatable,  disproportionate  decrease  in  Cr*’^  in  the  smaller  particles  of  the 
primer  overspray  has  implications  on  the  health  hazards  to  aircraft  spray  painters. 
Considering  the  dependence  of  particle  size  on  the  penetration  depth  of  an  airborne 
particle  in  the  respiratory  system,  the  bias  in  Cr^"^  content  may  lead  to  a  lower  estimate  of 
Cr*^  exposure  than  previously  thought.  Since  smaller  particles  tend  to  deposit  deeper  in 
the  lungs,  less  Cr^^  per  mass  of  material  inhaled  is  delivered  than  expected  if  one  assumes 
a  uniform  distribution  of  Cr^^  throughout  the  particle  size  distribution  of  the  overspray. 
The  results  presented  here  indicate  that  particles  capable  of  reaching  the  alveolar  sacs  in 
the  pulmonary  region  of  the  lungs — generally  dae<2.5pm — have  only  about  one-third  of 
the  Cr^^  that  is  present  in  the  larger  particles. 

Figures  14a- 16b  show  an  estimate  of  the  Cr^^  deposition  in  the  three  main  regions 
of  the  lung — nasopharyngeal,  tracheobronchial,  and  pulmonary — ^based  on  the  mass  of 
Cr*’^  collected  for  each  type  of  primer.  A  pair  of  stacked  bars  are  plotted  for  each  region 
of  the  lung — one  representing  the  experimentally  determined  mass  of  Cr*’^  collected  (the 
left  bar  of  each  pair)  and  one  representing  the  mass  of  Cr^^  in  the  collected  mass  of  dry 
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paint  based  on  the  assumption  that  is  uniformly  distributed  throughout  all  particle 
sizes  in  the  primer  overspray  (the  right  bar  of  each  pair).  The  relative  contribution  of 
particles  from  each  impactor  stage  is  shown  in  the  bars.  The  stages  are  stacked  with 
those  representing  largest  particles  on  the  bottom  and  smallest  particles  on  the  top.  These 
figures  are  based  assumed  probabilities  of  the  median  size  particle  of  a  stage  depositing 
in  each  region  of  the  lung.  The  assumed  probabilities  were  taken  from  Figure  1. 

Figures  14a- 16b  demonstrate  the  impact  that  the  disproportionate  decrease  of  Cr*’^ 
in  smaller  particles  has  on  the  overall  mass  of  Cr*’^  delivered  to  each  region  of  the  lung. 
The  impact  is  more  pronounced  in  Figures  14a,  15a,  and  16a  since  these  represent  data 
from  the  small  particle -size  range  impactors.  In  general,  the  areas  corresponding  to 
stages  representing  larger  particle  sizes  do  not  change  from  the  left  bar  to  the  right  bar 
since  the  Cr^^  content  closely  matched  the  expected  Cr^^  content  in  dry  paint. 
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Mass  Cr®*  Collected  per  Run  ( pg)  Mass  Cr®*  Collected  per  Run  (^g) 
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Figure  14a.  Cr®^  Deposition  in  Lung:  Solvent -Based  Epoxy-Polyamide 
(Small  Particle-Size  Impactor) 
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Region  of  Lung 


Figure  14b.  Deposition  in  Lung:  Solvent -Based  Epoxy-Polyamide 
(Large  Particle-Size  Impactor) 

Note:  -Nasoph=Nasopharyngeal,  Trach=Tracheobronchial,  Pulm=Pulmonary 
-Order  of  areas  in  bars  matches  order  listed  in  legend  (top  to  bottom) 
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Mass  Cr^*  Collected  per  Run  (pg)  Mass  Cr®*  Collected  per  Run  (^g) 


Nasoph  Nasoph  Trach  Trach  Pulm  (actual  Pulm 

(actual  (assumed)  (actual  (assumed)  corrected)  (assumed) 

corrected)  corrected) 


Region  of  Lung 

Figure  15a.  Deposition  in  Lung:  Water-Based  Epoxy-Polyamide 
(Small  Particle-Size  Impactor) 
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Region  of  Lung 

Figure  15b.  Deposition  in  Lung:  Water-Based  Epoxy-Polyamide 
(Large  Particle-Size  Impactor) 

Note:  -Nasoph=Nasopharyngeal,  Trach=Tracheobronchial,  Pulm=Pulmonary 
-Order  of  areas  in  bars  matches  order  listed  in  legend  (top  to  bottom) 
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Figure  16a.  Deposition  in  Lung:  Solvent -Based  Elastomeric-Polyurethane 

(Small  Particle-Size  Impactor) 


Nasoph  Nasoph  Trach  Trach  Pulm  (actual  Pulm 

(actual  (assumed)  (actual  (assumed)  corrected)  (assumed) 

corrected)  corrected) 


Region  of  Lung 

Figure  16b.  Deposition  in  Lung:  Solvent-Based  Elastomeric -Polyurethane 

(Large  Particle-Size  Impactor) 

Note:  -Nasoph=Nasopharyngeal,  Trach=Tracheobronchial,  Pulm=Pulmonary 
-Order  of  areas  in  bars  matches  order  listed  in  legend  (top  to  bottom) 
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As  noted  by  LaPuma  et  al.,  the  bias  may  also  merit  the  examination  of 
practices  used  to  estimate  the  fugitive  emissions  of  Cr^^  from  industrial  paint  booths 
(LaPuma  et  al,  2001:348).  Since  filter  efficiency  increases  with  increasing  particle  size, 
the  smaller,  lower  Cr^^- containing  particles  in  overspray  are  more  likely  to  escape 
filtration  than  larger  particles  that  contain  more  Cr^^.  With  the  similarity  in  the  bias  of 
the  three  primers  studied,  it  is  likely  that  the  emission  of  Cr^^,  and  possibly  other 
inorganic  solids,  is  o\erestimated. 

Possible  Sources  of  Bias 

Although  the  exact  mechanism  explaining  the  Cr^^  bias  is  not  known,  it  is  likely 
that  the  atomization  process  itself  is  responsible  for  the  heterogeneous  distribution  of  Cr^^ 
in  the  overspray.  One  of  the  methods  of  secondary  atomization  described  earlier  may 
have  caused  the  shearing  of  small,  non- Cr^"^- containing  droplets  off  of  larger  droplets  that 
contained  solid  SrCr04  particles  in  the  core  of  the  droplet.  Also,  it  is  possible  that  some 
of  the  smaller  particles  were  formed  during  initial  atomization  were  too  small  to  contain 
the  larger,  solid  particles  of  SrCr04.  The  relatively  smaller  Cr^^  concentration  detected  in 
these  small  particles  would  most  likely  come  from  dissolved  Cr^^  in  the  paint  mixture, 
which  is  relatively  small  compared  to  the  Cr^^  present  in  solid  form  (i.e.,  SrCr04 
powder). 
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APPENDIX  A-1:  Calculation  for  Content  in  Solvent  EP 


This  appendix  documents  the  calculations  used  to  determine  the  percent  (by  mass) 
of  Cr*’^  in  the  dry  paint  being  tested. 

First,  relevant  data  from  the  Product  Data  Sheets  and  MSDS  are  given. 

Paint  Type:  Solvent-Based  Epoxy-Polyamide  Primer 
Parameters  from  Product  Data  Sheets  and  MSDS: 


Base  Component 
Density 
(Ibs/gal) 

Primer  Component 
Density 
(Ibs/gal) 

Percent  (by  mass) 
Cr^^  in  Base 
Component 

Percent  (by  mass) 
Solids  in  Mixed 
Primer  Paint 

11.21 

7.76 

25%  (w/w) 

72.72%  (w/w) 

Mix  Ratio; 

Additional  Information: 


3  parts  base  component  to  1  part  catalyst  component 


Atomic  Weight  of  Cr^^:  52.0  g/g-mole 

Molecular  Weight  of  SrCrO4:203.6  g/g-mole 

Next,  the  density  of  the  mixed  primer  is  calculated  based  on  the  volumetric  mix 
ratios  of  the  primer  components  and  the  densities  of  these  components. 

Density  of  Mixed  Primer  Paint: 


3  parts  base  |  1 1 .2 1  lb  (1  part  catalyst  |  7.76  lb 

-  X - h  -  X - 

4  parts  mk  I  gal  14  parts  mix  gal 


=  1 0.35 paint 


Given  the  calculated  primer  density,  the  percent  (by  mass)  of  SrCr04  was 
determined.  The  numerator  represents  the  mass  of  SrCr04  in  one  gallon  of  mixed  primer 
(note:  All  SrCr04  is  from  the  base  component;  the  catalyst  contains  no  chromium.) .  The 
denominator  represents  the  mass  of  mixed  primer  (i.e.,  the  density  of  the  mixed  primer). 
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Percent  (by  mass)  SrCr04  in  Mixed  Primer  Paint: 


25%  SrCr04  x\ 


3  parts  base 

4  parts  mix 


11.211b 

gal 


10 


paint 


20.3%(w/w)SrCrO4 


Next,  the  percent  (by  mass)  of  SrCrOi  in  the  mixed  primer  was  converted  to  the 
percent  (by  mass)  of  Cr^^  in  the  mixed  primer.  This  conversion  was  based  on  the  ratio  of 
the  atomic  weight  of  chromium  over  the  molecular  weight  of  SrCr04. 

Percent  (by  mass)  Cr^^  in  Mixed  Primer  Paint: 


20.3%SrCrO4X 


52.0  Y  ,  Cf* 
/g  -  mol 

203.6  ^  ,  SrCrO, 

/g-mol  ^ 


=  5.19%(w/w)  Cr*’'^  in  Mixed  Primer 


Lastly,  the  percent  (by  mass)  of  in  the  dry  primer  was  determined  based  on 
the  fraction  of  non-volatiles  in  the  mixed  paint.  Multiplying  the  percent  Cr^^  in  the 
“wet”  primer  by  this  fraction  yields  the  percent  Cr^^  in  the  “dry”  paint. 

Percent  (by  mass)  Cr^^  in  Dry  Primer  Paint: 

5.19%  (w/w)  Cr*’ in  Mixed  Primer  x  ^  =7.13%  (w/w)  Cr'’ ^  in  Dry  Paint 

1  lb  mixed  paint  = 


This  procedure  was  repeated  for  the  Water  EP  and  Polyurethane  primers  in 
Appendices  A-2  and  A-3. 
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APPENDIX  A-2:  Calculations  for  Content  in  Water  EP 


Paint  Type:  Water-Based  Epoxy-Polyamide  Primer 
Parameters  from  Product  Data  Sheets  and  MSDS: 


Base  Component 
Density 
(Ibs/gal) 

Primer  Component 
Density 
(Ibs/gal) 

Percent  (by  mass) 
Cr^^  in  Base 
Component 

Percent  (by  mass) 
Solids  in  Mixed 
Primer  Paint 

10.80 

9.34 

30%  (w/w) 

34.08%  (w/w) 

Mix  Ratio: 


2  parts  base  component  to  1  part  catalyst  component 
with  a  4. 1  parts  water  reduction 


Additional  Information: 


Atomic  Weight  of  Cr^^:  52.0  g/g-mole 

Molecular  Weight  of  SrCrO4:203.6  g/g-mole 
Water  Density:  8.34  Ibs/gal 

Density  of  Mixed  Primer  Paint: 


2  parts  base  ^ 

10.801b 

V  1 

1  part  catalyst  ^ 

9.341b 

V  1 

["  4. 1  parts  water  ^ 

8.34  lb 

7.1  parts  mix  ^ 

A  ^ 

gal 

^  7.1  parts  mix  ^ 

A 

gal 

7.1  parts  mix  ^ 

A 

gal 

=  9.174% 


gal 


paint 


Percent  (by  mass)  SrCr04  in  Mixed  Primer  Paint: 


30%  SrCr04  x 


2  parts  base 
7. 1  parts  mix 


10.801b 

gal 


9.174^^^  paint 
Percent  (by  mass)  Cr^^  in  Mixed  Primer  Paint: 


=  9.9%  (w/w)SrCr04 


52.0  y  _  .  Cr*’-^ 

9.9%  SrCr04  x - /  S  - _  2.54%  (w/w)  Cr^"^  in  Mixed  Primer 

203.6  y  ,  SrCrO, 

/g-mol  ^ 

Percent  (by  mass)  Cr^^  in  Dry  Primer  Paint: 


2.54%  (w/w)  Cr'’'^  in  Mixed  Primer  x 


.3408  lb  dry  paint 
1  lb  mixed  paint 


=  7.46%  (w/w)  Cr^"^  in  Dry  Paint 
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APPENDIX  A-3:  Calculations  for  Content  in  Polyurethane 


Paint  Type:  Solvent-Based  Elastomeric  Polyurethane  Primer 
Parameters  from  Product  Data  Sheets  and  MSDS: 


Base  Component 
Density 
(Ibs/gal) 

Primer  Component 
Density 
(Ibs/gal) 

Percent  (by  mass) 
Cr^^  in  Base 
Component 

Percent  (by  mass) 
Solids  in  Mixed 
Primer  Paint 

11.63 

7.96 

20%  (w/w) 

70.84%  (w/w) 

Mix  Ratio: 

Additional  Information: 


1  part  base  component  to  1  part  catalyst  component 


Atomic  Weight  of  Cr*’^:  52.0  g/g-mole 

Molecular  Weight  of  SrCr04 : 203.6  g/g-mole 

Density  of  Mixed  Primer  Paint: 


1  parts  base  ^ 

11.631b 

V-  1 

1  part  catalyst  ^ 

7.961b 

2  parts  mix  ^ 

A  \ 

gal 

2  parts  mix  ^ 

XT 

gal 

=  9.795 


Percent  (by  mass)  SrCr04  in  Mixed  Primer  Paint: 


20%  SrCr04  x 


1  parts  base 

2  parts  mix 


9.795 paint 


11.631b 

X - 

gal 


11.87%(w/w)SrCT04 


Percent  (by  mass)  Cr^^  in  Mixed  Primer  Paint: 


52.0  V  ,  Cr'’-^ 

1 1 .87% SrCr04  x - - =  3.03% (w/w)  Cr®^  in  Mixed  Primer 

203.6  y  ,  SrCrO, 

/g-mol  ^ 


Percent  (by  mass)  Cr^^  in  Dry  Primer  Paint: 
3.03%  (w/w)  Cr^’^in  Mixed  Primer  x 


6+  0.4 _ -7084  lb  dry  paint  _  , 


1  lb  mixed  paint 


4.28%  (w/w)  Cr  in  Dry  Paint 
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APPENDIX  B-1:  Deft®  Product  Data  Sheets  for 
Solvent -Based  Epoxy-Polyamide  Primer  Paint 
(MIL-P-23377G,  Type  I,  Class  C) 


PRODUCT  INFORMATION  DATA  SHEET 


P‘ro4'uct  Code  Baae  Coscapoaeot - — ’ — OS-Y-40  ) 

3'ioduct  Code  CatjiJlyst  Compoaent-^—- -C  02-Y-40  CATA. } 

Bsitcfc  Waraber  of  Base  Componeat'——— {  L-I344:l ) 

DfltrJi  dumber  of  Catalyst  component— *(  L-13393  } 

PT<j4iict  to  meet  MIL  apeclflcatlon - — <  MIL-P-23377G  Type  I  CSajss  C  } 

Prodmct  to  'meet  Ut  lor  — Color  ;  Strontiuia  Chrcroate  YeiJow'  | 

MHx  or  -emtaJysl  ratio - - — ——  .{ 3: 1  by  voltimc  j 

Rectactloa  ^ — - Mecessary ) 

Rediicejc  — - - - |  MIL-T-S 1 772  type  11  | 


BASE  CHARACTERISTICS 

Wt,/CaL - _ — {  11.21  } 

%  aoIldB’by  weig|ii;(>-— "(  73.10%  j 
%  lolid*  by  toIk'  ■— (  5S.S2%  j 

VOC  p0'iin,,(ia>/|faJl6  a - (  3.01  } 

VO‘G  giaoiis  per  Mtar — f  362  } 


CATALYST  CHARACTERISTICS 

Wt./Cal. — - — _ (  7,76  I 

%  aolida  fay  weight-—-. - {  71. 11%.  i 

%  aoUd»  fayvoiaim*™— f  67.64%  } 
VOC  pO'Uxtds/gallffltt- — (  2.24'  ] 
VOC  grams  per  liter - ..f  28:9  J 


CHAJRACTiMSTICS  AS  APPLIED  fNO  REDUCTIONS 


Wt./OiiJ,.— - - f  10.3S  ) 

V"%  solids  by  welglit—' - {  72.72%  3 

%  aolJda  toy  Toteme— (  58.55%  } 
VOC  prmnda  per  gaJJon-t  2.82  j 
VOC  gram*  per  liter - (  338  ) 


Wt./Gal.of  Solids - {  12.86  Ifa»  ] 

Sq./Ft.  coverage  a  l 

mil  dry—— . 937  Sq./Ft.  j 

Grams  per  »q./rt.  «  I 
mi]  dry - - - {  3.S8  grams  } 


gCAJJFlED  TEST  RESULTS 


(1]  l^ligaietst  ConipusStion  (3.4.  J.l] - ScronUuni  Chromate - 

SlUcttous  Extender  and 

additives  =  48%'--- - 

(2;  rlL'jiScnt  'vv'eight  FcrconL  Of  Bo.=ic  Component  C3,4.1]=  37,0%  tiifa- - 

i  li  -jf  Grind  j  .-VST-'d  VScd'.ud  D-1310  )  i=s  5  tnJn. - - - 

i  l]  ViH.jUie  CH-,;a;iU;  Ccjinjjxiunds  iVOC)  eooteni,  (3.4.2  ]  340  grama 

per  Iitear^  majdmTjra  — 

!"-i  Sl-ii'-lluv  (3  5  3]  .1  je:Ai'  at  temperatiire  p|  3-S'  to  llS;f - 

16]  .“IcceSeraljfffi  S^torae^  Stabtlltj'  i3.S,4  )  14  days  at  140“  5’p  — - .  - 

17)  Vlscot-.lty  C£it.iiy7cd  ond  rmreiduccd  (3,S,3  )  40  seconds  #4  ford  Cup- 

Set  io  Touch  =  No  spec.— - 

Tacit  Frts  j*  5  hotira  max, - - 

Diy  Hard  =  8  houra  max. - - - ......... 


- is. 40% 


- "3-38  4/L 

■  ™-«—- r’l.t-i 

— -  21  sec, 

- I  JlU'U 

- '1  hour-. 

- «  hours 
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i'9!  Corididon  tn  C«tMn.er  (3.S.,.ll  —[  Bruc  J  WlU  mm  into  a  snioothi. 

h(mo§ismaus  sondttion. 

(  C#£Epoaeni. )  Wlii  tw  iirar  i' 

■:  !■;;  A'.!;k:^k)sj  f  3,7.4J  Bo  l«#  &f  adh^on aslte' 24  hours  of  water  i:r>iijcr-«t<;'! 

a£  tenperatore atm  to  mT  - . - . - . --Ho  Adttoior. 

ill?  Induction  Time  {4.5. 1 }  30  lalnutM.  maMtama— . . 30  .^(55 

f  12't  i\ppiJcaUon  of  prtKKf  coatlog  |45. 1 1  App^  Ita  at  O.i  to  0  9  -- . .}' C-nih 

:  Ml  '.Vat-;-  Resistance  (3.3,1  j  Top^atel  prttaM'  tranetsed  tor  4  days 

at  IJO’F  i^i'F  =  Bo  Defects -  ■  - j'jo  jctcc'j: 


{14|  FlexJbiltty  (3,7.5 1  icipa.et  elon^^Uonj  =  10%- 


(sL  lose  r.f  calorl 


jlS|  yfttrig  3- 7., .3  I  No  lifting  ofHffL-C'^SiSSSB  Po^nretliane 

Tbpeoat  after 

Topcoat  ®  2  hours  fna  spec.|— — * — ™,No  LllUng 

Topoart.  ®  3  hours  fno  spec,!— _ Ha  Lifting 

Topcoat  ®  5  hours— - - ,..,.,..-^0  Llflliitf 

(.16}  StrlppablMy  3.7.6 }  Wlthm  60  mtm'ma  with  a  suipper  confonuing 

to  WL-S-M294, T^pc  1  *  90%  muitourn------ 

{,171  Salt  Spray  loslB'taiioe  {3.8.2. 1.1 )  2000  'hours  wnh  a  5%  soluUon 

So  Mstertog.  lifting  or  wiraaloii---*-— '-Bo  Dc,feci: 
{.IS}  Top£33a,ttii.g  (3.,B..1,1 1  To  'be  :tope«f«l  wlfh  a  polyurethane  corifomirw 

to  MIL^C'8S2SSBi  Color  #  17925“ - 

(',191  Fllfisfift  {3.8,2,.2 } ,ARer  ,1000  hours  a,t  104T  mid  a  reJa,tj,¥e'  '  '  '  '* 

humldllty  af  SO  +_59fc  *'  No  Cfetecfs-^— — - ,,m~,  nefccfii 

(20}  'PoWlfe  :f3,.e,.4  )  Alter  4  hours  'at  room  temperature  S6’  to  eS'P  ' 

ca'talyzed  and  unnKluccd  »70  seconds  oiaxlamm—^^- — -,,30  ,9.ec. 
(.2'1}  Fl'Uid  RMlstoce  (3.8.4)  ,No  softening,  blistering,,  low  of  adhesion, 

or  film  defects  after  24  houKi  .at250F 

MIL-L-23®9“— — - - - - - 

MIL-H-S^^,  .jtfjj  Del'eccii 


D,BSCM'F110W  . 

Chemically  cured  two  component  «poxy-jn)h-;im:dc  primer  susudJ-  lor 
appheattofi  on  aircra.ll  and  am«^ce  equtpuicni,  Coiuponent  I 
concam.?  the  pigiTient  and  resin.  CemponeTh,  ]  1  is  ilic  ..-tesr 

r.crt  pigmented  aiiphattopotyamiiK-cpcxy  porllfiii  wiiS-n  n*- 

hairdcner  or  furing  agent  forComponerii  1 
AIR  POLLUTION  RRGULATIOWS  : 


T-iis  produci  IS  lonnuiatei  for  me  where  the  air  poliudon  i  eg.d.rj,,; 
call  cur.  tor  a  m*ix3inuni  VOC  of  340  a-aims  periiter 

SPECrAhJLEATUR.Es_i  o-  r 


'ni,?;  epoxy .poh/ansltie  prUnw  tt  asojvenibome.  coiroslort  Lihibitiug 
and  cheiMeal  and  aohwnt  rwlstrot  prtoer 

.3lPPHCATION  : 


TT-i.!,5  pr.iixr  wil  spraj  attofactorUy  in  at  raspei'.te  .3j-u.1  ,,0 

sunning,  .sagging or  st«alclng.  The  dry  fllm  shaU  show  nc  dustu-iji, 
mottiJjig  or  Mlor  se^iattoiiand:  shaU  prewnt  a  smoath  tlrJ^h  frrr 
from  s«la.  The  standard  Blm  thideness  shall  tse  0.6  to  O.S  mils  dr.'. 
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APPENDIX  B-2:  Deft®  MSDS  for 
Solvent -Based  Epoxy-Polyamide  Primer  Paint 
(MIL-P-23377G,  Type  I,  Class  C) 
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APPENDIX  C-1:  Deft®  Product  Data  Sheets  for 
Water-Based  Epoxy-Polyamide  Prime  r  Paint 
(MIL-PRF-85582C,  Type  I,  Class  C) 


PRODUCT  INFORMATION  DATA  SHEET 


Ftoitmet  Ce4«  Bdun*  jPROPOSED  COLOR  | 

BAtelk  HobIwi'  mT  ibauB*  C9<isapiata.«Kt— — — 

l<iiCoh  irojBi&At  af  csawfiaaMat'— >4 1-1.3366| 

t»  iiawst  SjMeiftaKtiaa  - - J  MIJLr-PRF-SSSaac  Type  S.  Cl««3  C2  ^ 

Ihr®*Brt  ta  Coin* - Coior  j  PEOPOSED  COS, OS  i 

in*  oaf  tantulfut  - - — — - 

Medtirtctoa  — - - — 4  pftrt»  'b^  TOliiime  ,  ipproKwnete 

Djatffledi  dtr  Water  f 


l*il: . SMAitAcrciuaTica 

*1  10.80  I 

%■  (wM*  tiiy  i»*»ight - {  74.25%  I 

%  noUti*  fcy  voiume—'-'t  S8,77%  I 
VOC  pounda/^AUofl - [  2,80  J 

¥OC  fruffliB  -pw  liter— (  333 1 

SKAsaaiMaiTict  m  cATAtTgco. 

V/tJ'QA- — — - 10.37  } 

%  solid*  by  weight — — ■•(71,7.5%  ) 

%  solidfl  volum®— . lOl-STH  f 

VCfC  pound*  per  gBl1on---(  2.81  J 
VOC  gi-asns  per  Jiter- - (  337  | 


C*T4l>XlMf,...aa4JMC1-BKI'BTIC8 

Wt/Gsl.— - **|  f.M  I 

%  *011111*  by  weight- . . fW.SSlSi ) 

,  %;*o3iid*i:  ly  voSurae- — 67, 16%  j 

VOC  potinds/galton . . (  2.S7  j 

VOC  gram*  per  Siter* - - •{  344  J 

RgDucnoiti 

wt/Gsiof  Scad*-™-— -{ i.a.os  a»«"} 

S<5,/Pt  coverage  @  1 

mfl  diy-....— - - (  987  Sq./Pt.  I 

Gra.»a*  per  sq./Pt  ^  i 

sail  diy'"—— ““••■.-•'•••-•-1 3.,4.6  |p,*iat  | 


CfflMJFlEP  TOT  RESULTS 


f, 


ClAs-smcation  (  P^ra  t.2 )  TVpcI-  Siaodari  Pigment  . . . . Riws 

Ciass  C2  “  SifOauam  Chromate  . . . . . . 

PhyjtcaJ  Propeniffis  (  3.4  i )  Color 

Type  I  The  coIot  <jf  the  adioi^ed  type  Z  primet  cottuog  4halt  b«  dte  aateial.  seler  af  tb* 

Corrwion  inhibiung  pigments  used  or  daiita-™.,. _ _ _ _ _ _ Passe* 

FtfstiiKs*  Of  Grind  :  (  Pas-a-S,*  3  )  The  finerwss  of  grindof  lie  *imtxed  primer  ccsning 

At»|ifle*tisn  ^teadty  shall  be  wai  Iks  titan  S  . . . . . 5 

Coaiitiia  la  Contsioer :  ( RtBi.3.4.S  j  A  tiid  Coffipenteni  B  will  stir  intc  a 

Smooth,  hotriogencoud  condilkm . . . . . . . ,, 

Pot -Life  (  Panst  3  4  4)  VjaoMfty  at  the  start  (  #  *  ford  Cup  )  . . .  ....  20  s« 

Ate'  4  ^|»in  it  Kfc«,  Kittpsraaire  ef  73*^'*  5*F'(  whea  sBatel 

coiisiar.Oy  s!  I4*.f  1 30  tpm )  =  i  seconds  maxiiBwm  lacreaw  . ™...4 . .  *  .  p,ax 

S'totip  i  ( PtaJ.4 J )  ‘nhs*  priiwr r^irafiefite’ite  we 

U*  dale  nf  raanufctranf  wteti  ib  .«  ttWf«iMSd.tteatfHair  rf  ^ 

(,35  Flo  IIJT)  . . . ,, Putsch 

■  AwekfalM  SlAil^  :  (.PtraJ.I.f  )  »7  tt  J10*f  *  . . ,  Passes 

~  .  h^irf4  ■“  ■“ 

■  i  toiifii  i  t  i 
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9-  Wirnm  Tmm  J  TWs  pii»  5  « 1«  iwm  m 

15^'  *  9  ®f  feUowsd  ^ly  S  i*«*l  K  T7®F  per  — . . . .  ,  P'IMS 

Ift  mty'Tism  ■  {f«.3J,2  }  ynderaii  air  fiowrf»^fWiiriffl*;£he  pn«r  si-^l  dry 

rrii6«  ^ 

(■)  TijCte  Fiee^  C  twinmiiS  ^Bwasui )  - * . . . *  aiwlei 

<b)  Dty  Htiiri  (4  li«firat»mira) 

13.  ,  i  Kasa  J JJ  )  Tbsre  sWI  be  iioMifijrfttwMIL*C.WaSlPdyiirer<hAii<-  Top-v.af 

,aik‘.T  Ae  Ibitowing 

(i)  Tepeoat  @  1  tomi .... _ _ ».«*•“»«“«■  Ne  UM^. 

(b)  Topocsil.  @  #  toori . .  _ — ...  ™...  ............. ......  ..................  K#  Lifbiif 

Cc)  T<^(}fflii-a  11  . ?fel.iftiaf 

H.  M-Heswas  -  Wo  Tape  :  (  Pari. 3 .3.4 )  Ne  }o*s  of  liheriw sfB«  a*  Jm»k  «rf  imrrienuori 

if;  diSEtilSai  a'susr  at  tooai  tcdipemure  ( ■77®F )  P3.«e^ 

15,  HtubiUEv  ,  (  3,3. 3  )  The  primer  dull  pass  as  Iinpaitt ^toplion  of  10?'4. . .  F:t3$e4 

y .  SlrippaW-lity  :  (  Pi3a.3.5.6  )  90%  of  (be  primer  iiw!l  be  stripped  vrith  in  13  mioyie* 

with.  iHMws  Kffi&rTniHl.  ie  MIL-1U9I.294  Claas  I « fPom  lemperatmc  )  . . 

n,  li*spwlHdSectt<»Cl>ar8J.S.7)t>peTTPn  :  . . . . . - . 

IS.  Wsafif  R^iiajwee ;  ( Pafa,3.  .6, 1 )  Tlic  priowsr  ceating  with  arid  without  a  topcoat  sJurl) 
with'Ksjid  imjSMsiotJ  in  distilled  water  nuantaiaed  art  49°i3'’C  fw  four  d^s  without 

cxMiilllHf  amy  evideooc  of  softcaiag.  wiieWing,  bMitering  w  othci'  dcScieaey . . — Passei 

If.  3-ali  Spray  .  {  Pant3.6.2,  J  >  Wtih  aisd  wllb-oot  Ttqxoat  of  pclyufcthaiie  «l®fSIWWf 
to  MIL-C-851SS8  stall  ihw  no  bisteiini  aflcr  2(KXi  hours  ai  5% 

(i)  Ataminaai  .„,  . . . .  . . . ..  .Fajw*  KKKi  hours 

0j)  Alaaiisiiin  /  Grtphite  IpoJQf  . . . . . . . . . . . -  SOO  tens 

a0.Fiifcnn  t  <  3.CJ.2 ,)  Bxbjbit  no  filiform  eorroswn  beyond  » inclt  :froiii  scribe, 

Mijerity- filameiMs less  than  l/liiKh..-.,.,...,-..-™. . . . . . . . . .fMiei 

it.  Flii4:iasifa«r(P.m^  Tltisponw  shall  wishsiard  24  hcsirsiir^ 

■ft*  folkiwiii^j; 

(a)  MDL4,-2MWTj*fic*fingC»l@2SO*F±5'»F  . . . . . . . . . . . . .Pswes 

W  ME.-H432»2  Fluid  @  i50®F±5®F  - - - - - - - - - pisses 


EfOXY  rOLYAM'lDE,  WATER  'REBIfCIBLE  PRMIR  DISCR1F110«  AKD  APFEICATlOilf 

INFORMATIOK 

lEaS:ClllH»TlC>W  i  CheaakaJ  <»r«l  wo  tomjioiient  apaxy  jxdyamide  water  redacibic  pnn^r  for  apfiMatka  oii 
farraa  .and  iciBcfisrnjw  .ira^ls.  Compwjent  A  oouLalnii  da.  pigment  and  polyrtioirk:  resi*  CooipfsaatB  ii  llse  dear 
iBOirlpsaited  -epoay  pmim  wMch  acts  as  Oue  baidenef  «r  curing  agent  for  Ceanponent  A. 


AIR  POLLtlTIOM  RECrLATIOyS :  This  product » firanilated  for «  wti«  fite iir  |»i.taikin  regniiuoas  cal 
mtt  for  1  jKixiiiiiiJi  wlatile  orianfc  corapound.  f  "VCC  )  ^ef  •M#  grains  pet  liter. 


This  epos^  potyamide  primfir  fc  *  wiSsr  ns&ciWe,  coiw^ai  iaWHlini  etus-tnical  *nri 


sosvens  resMiant  pnmex. 


APFt-jCATlQIH_:  This  pnmer  will  ipmy  iatifisawfly  io all  relpeiili  and  ihah  show  ao  rurawng,  -J* 

Mmkiflg,  The  .fiiii  shal  show  m  dii^ii||^  n^llii^,iK  oskir  sep^Tioa  and  tJal]  psm  a  smenit 
from  The  staiulard  film  tMdtms  fo  #J  mi^  sty. 

MtxrNO  mSTBUCTlONS  t 


Crtmo(w«ti»  A  CwftBOiKBl  B 

2-Voliiwi  ..  .  l‘Vrtaffli  _  . 

Mlwspg  wdi»i  ibi  msjaitt., 


APPENDIX  C-2:  Deft®  MSDS  for 
Water-Based  Epoxy-Polyamide  Primer  Paint 
(MIL-PRF-85582C,  Type  I,  Class  C) 

1  ^ ^  mm  ssim  Pttimm  ;  inf  M/m 

Wm  Ral4i£iNl 

Mvitted  E  m/m/m 


^TiCariMtk-loA  iKoaiaa:  i74  -I]<fl>'D 

iawggoaaey  Ptacmes  CirUO)  *24-sio»a 
CHOCTFEC  Phoitr#;  944 -421 -$3 


!  HaxHJi^  |l*tlA9S;  -  3 

!  nctCMi  ftXtrilMt  i'l£«i  -  3 

I  0  — >  4  Bjeaiotivitsf  >•  1 

I 

! 


.s;»cTii3ir  77  BxsASiwu&  mxRmimffs 


- -  LiJKlta  - 


Isfi/gx  edr  eei  t  e 

CAS  i 

t 

TUi 

STlBIi 

PtL 

sim. 

^  EIQ 

Bajm.  Aj.coaaE. 

7t-f3-2 

2S. 

109  psm 

H-B- 

10@  ppm 

M.B.  12.^ 

4  ft9P 

•C4&i0  AROMAtlC  tfytM9XAl994N' 

€4742-«9-6 

«  1. 

21.1. 

m.n. 

M » [B  .  3 

It  Cfi¥ 

iKbimi  foetamsr 

reC'QiKeEBcks  a  F&L.  «£ 

100  pym. 

S-IR£SfniM  CHR08a.TE 

39. 

.  1  ppO' 

B.B. 

Vh^  Ju^xmt  7^  caxxq^tit  ^CAS  77S9"'l>g*23  a«  Ck" 

4«  4.9449  iit/Ni3« 


SBCmOii  *,  ■“■  I*1B«305P:!T 


fifyiME:'  CA 

iSiili.  ‘ 


ClaLSS!  TIPS  l.CL  C2,KHU¥Wlt8r 
Hw>  1  WitnPRf-^^BM2C,  I.  Gb  ^ 
Prndjet  CiMS«»  !  44«H0T3 
.Rimber;  WmE 


niB  ikfeGVS  iuimec  f^^ipcts  arb  m  mu  tsca  immmsf 

iiLBo  mr  mmmimrs. 

K.E.  »  Mdt.  Eotsbiisilied 


mcrzok  ni  >  euum 

IN^iyjit  Itoaagtt  2ii  -  339  £199.  IP  Pesasityt. Bo4ivi«r  Ui9fi.Ai.t-r 

9va(p.  .f!At«t  CwiSi  X  n-Chttyi  laemltyi  n«4nri-«r  tlMm 

vol:  i  43.1  lfgt%  24.3  MIgt  smii;  gttllocki  1.0.89  fotmds^ 

i^peo.  Or«vlty%  1.294'S2 

CmBBW  lOQUID  HTTEE  SOf^VBTT  OOOA 
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SGKJUeixm  m  iChratr  Saaoluisde  FRi  Itot  applicable 

MI9Q>KMm>3lf  TWISULTOfUB  r  m  icifonuLlosi  taaai 
emctmosmm  rnttmAmms:  m  intoMtUm  taund 
COfStOSXm  IMWft;  Mo  fDvnd 

visootSTYt  ^  iwitetiml 


CTCTi<]«  IV  -  Fims  BXFiiOstaH  HR£a»sp  mm  ■ 

Pimrnmhsiity  ClAAM:  m  r  tcc  US&4  l.OOi  USt-;  ».99% 

-smiieiiiisBiiio  HmiAi  , 

FQIM,  AUXBDL  FQfliC,  C02,  lAV  G^atlCAL,  I0.TSI  P0&  ^  ’ 

.$P«CTAL  PZKBTWVZBS  l>K0CEPm^t 

f%H  tire  Cil^lsiiao  csgraipeweviik  with  eelF-'Ccntaiine)^  WeAthlnv 
«|PP«ret^  eMdl  ftlll  {nrotectlve:  elathiiag  ebouldl  be  voina  by  fire 
fi^htcrv.  Hater  be  mnati  to  eoei  cIamO  ooateijaere  bo  prevenb 
p^esmre  bulld-f^,  KUft:;^  GX 

-filHIHliftL  FTEK  &  EEPLOSlOtl 

Sm^f  «?n«tilULiiMtra  bA||l|itly  ^ieaed.  leoiete  fx-on  beat,  spa^ka* 
el«KSt;riiOli.3  aa»dl  opsi  .tleae.  Cledcead  coataisiers  oov’ 

It'D  extEesae  tij»at-  Appl4lcati.an  bo  bob 
sarfwDea  reqeirea)  t^eciai  pnee«o<.4-ooa  •  eMeryncY 

cooditiona  o‘Per«ji4*^.*»iunre  to  rtr  ~i-M|;trii  I  r  tn'm  pqradweui  m^y  eduae*  a 
health  lii4Uflrd.  SSy^^tcK  na^'  not  be  liMiedbetely  e^^iyueieit. 


OTcnoK  V  *  mjfom  i&iSAKD  mm 


^Fi^SISSIBLH  £S7k[}S[3R£  LSVEi.: 

mE  TJ,  SAZAMDOOS  IWt^XliBPrS.. 

0F  iWlEBOC^MB: 

lexitatlCDo  ei£  the  resfidr^tOfY  tri^t  4  acute  nervtNUR 
^e^re^ien  chameterired  by  the  ^Olt<Owii!i^  pregrcaAi-ve 
ffitepsj  bea^laTEher  dizrii^as^  sb^^gerl^  'pftit*  cwfusiooi., 
itenkSUbihaMi  or  ctao. 

rm>  CWrM.Tr  OORvtaet  with  the  eitin  oen  oeuee 

ixTitatitHi.  SyoptesK  sisy  be  owl  11^,  rahbsn,,  4M(»d  raBh> 

E¥^:  Lioald.  ereoa^lBi  ^  vepore  ore  irri&tblnp  ood  ray  ceuse 
tearici^,  Swenif^  a^coaipwaitidl  tjy  a  atlngiaif 

i^msaticiaa.i 

SF07  il£SGOnOH:  Pst-oloiiNSrte^d  0W  £^«^mtstd  coorEtact  cmn 

oaderstte  irritation.  mtattias  ot  tia«  ohin  Whicla  can 

ceUae  the  skin  to  crark. 

OiSgsnrtciii  Acute:  Cm  reaialt  is  irritetijon  afkI  poAvible 
coreoai-ve  acLioii  iii  Omi  wmitb,  aluom^  tieeree  oiad  digeative 
tract.  my  ei^Sfiitiws  &t  the  eoivsifc,  r««uitlhi9 

in  dbfsmi&'MZ  {WMHwmsif’i^ 
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■■  5? 


laflfMTBAtiCra  FfaMMie  {949$ 

Pieu:fid£  (AM?  424-9300 

eramt^ 


t  ^Ii9!«:i^  Katinas 

Txv^^t  ^Um-s  rsrs-s  s.ci*  i  mm  «>  ^twmm 

Trede  Hw  i  ncMr.i  ms*“IP-«5St2  Wi*  4,  C1A^  0 - ^  « 

ITocSsict  Code  ;  44®}0T^C»f  E 

C.A  liCm  E 


ssi:n:dlt  li 


iHhZJiAious  nn^^iBsHrs 


l^»i|x«dLieiita 

xrmc^TSMm 


»«a.lt:b  ' 
Fir«:  ‘ 
S»«ctivlty 


—  iaiToauns  Ztinita 
A03:i]3 

TLV  STEL.  fl 


N.l.  li  «  iW 


TOS  AISW8  L1®M  tffOCCKTS  jiR£  QW  T«l!:  fS*:A  IWVttnfQR^  JLIM** 
W  }JliLl£3TSD  IW«^£PI7S  . 

Sl.l.  -  Sot  EatabJUatieid 


ftnafHigH*  t 

mtM:  1-31  X 

V<»latil«K  V*>1  %  32,3 


ms^ois  33Z  -  FEZSlGUi  ZUfiTik 


'  300  r 

U^t:%  30,1 


VafMRir  £Miul.ty;  Haavlaz  tJaan  Air. 

ntavioar  than  Matiftr*. 


iK»3atil«K  vol  %  32,3  30,1  Wat  per  flMllob?  9,3«  IPoviadiB. 

^Mact.  Qravltyt  1,I2€0S 

xppsai^DBce'!  ammm.  mm  90wmt  oocs, 

■li".©.C».3  343' -S/lii 

SOUSeixiTV’  331  lehTERji  liiadl\iM«  iW:  IfoH^  «i;i|>liiCsm« 

Aliit>ZiaMrmii  TaEPSUitURS^  bo  Inf&rmsition  ftnmd 
crnocam^mcm  Toemmmsi  bo  iofcanatioci  fcmud 
COEBiQSJXM  KAtHi  Mo  JL»f gNmgkCion  tOUiKS 
VXSOBSTITk  fltifi  li^id  €e  vimcwi  oatarial 

sEcruM  IV  -  piM  pm  Mri^son  hwuep  omr 


rln—i'ifeii  lilry  ex«4l«!i  iC  PlaaH.  F  VOe  UB,:  3.401  OBE,:  0 

•GSmiSlllSilllS  MnE^XI^  ; 

Foaa.  ALCWM^  f9»Br  €02.  OtY  attSMlCAX^  HPam  9QG 

-OFOCUtii  raflPZ£Bn»3  FRooenmos  £ 

Foil  fira  ii^tivig  aaMlHWiTiit  lMkilE-»c^(mtalil«d  israa^lij^ 

mgprnxmi^'vm  mioA  £-all  <c3at^itt^  lOliMAld  ba  iroca  isi/  £ira 

figfatar».-  MaC^rt  mts  h«  ua«d  ««!  «i>ol  «lo«4a3l  «afib«iei4ra  t*>  praw«ot 
l«:tta9ffirA  lbaild->iapv  auCo  ifienitioo  or  «0qplo«i€». 

-tjmmhL  rsoit  o  iBEE%4i0.x«ir 

E«>a|;p  coBii£AiB«r«  tig^Ciy  olosodl..  £BoLat«  froa  beatr 
alcctciieal  Brad  tjpan  tlmm.  CloMdl  ccwitaioer*  iiay 

•astploda  asqpoaerd  ipo  «iCtr«PA  kicric 

s^^iol  pr-ecautiontfr  tfvjtim  wwt'^owy 
conditiooD  07mr«?(porur&  Co  dttC‘flqp»qAitlon  prodocta  aery  caufee  a 
baalflL  hasozd.  B^^Coata  mat^  incat  &t  opparaot. 

V  -  mSJdStiP  ttiKtft 


».£'Ky|t,tf^.T»g.R  RTPr^glg 

SKH  iitSCTLOm  XX,  Wt^JiMXKii^  IMOmstmtS. 

-ETFurr^  OF  Cl^rOtE23HOSimS  1 

B^MATlOM?  SnritatiOft  Of  tlfea  rvapicatory  Ciract  &  acute  nervoos 
syst-fiB  d^rrescion  cbaxactecized!  by  ttm  ptriograiaiv* 

f«r^p»;  SifMaelftetta,  dizzisMs,.  at«a^tieg  gait,  confuaion., 

OX  QOaai. 


MO?  BSX  COtrrACFs  I^COli  Contact  vitb  tb*  akiA  «*uo# 
ifrltatioa.  Syi^tcBa  aay  b«  awelliiae,.  ra(ta*»k,  «nd 
WY^i  areoaola^  az  vapora  ar«  ivtitnting  md  may  cause 

beerit^,  KfMSim&a,  »aA  aweliiag  aocoacMkaiad  bF  4  #tizivijig 
veneetion. 


Froiooged  or  r^^wated  HDontact  eaia  CwAtM 
a,rt^ir.atioM^  iSsyie^,  and  defatting  a£  Uwt  aSe^Ln  «>hioli  own 
cause  tli^  akia  to  CTrA^ft. 

Cflum  ZASult:  is  izxi&acieD  mvi  poesiikitt 
eonroffiive  aoticra  ira  the  wCuSls,  stoaBC^  tijcrue  -and  dU.^itAti'rA 
ti^acL.  Voi^tUQis  cauae  aspiEPtioA  ai  tlMs  aolevia^,  rAAAitiTiA 

iA  f^AisAimitia. 

S^ALlfO  EOkZAEE^  ^AOJFE  MitSD-  iZHBCHlCE 

■  VApipirA  Att  Enpii-AtlABi  tO  eyesj  n04«,  tfcPAAt . 

AAy  «5Att#A  fe!#AdA«Ms»*«,  dittiCSnlt  SttAAllUftS  Afid  l«*a  oi 
consci  oofifamB . 


65 


g| 


APPENDIX  D-1:  Deft®  Product  Data  Sheets  for 
Solvent -Based  Elastomeric,  Polyurethane  Primer  Paint 
(TT-P-2760A,  Type  I,  Class  C) 


CQiiipo'aCTi......„„^...(L-i'i570  ) 

Con^iOai^D^  ) 

pedficatfon . . CTT4P-27®a  Typel  Class;  C) 

,„^|^,^tedTol3iiprcv'c  A^Pcf-  Speclfcmto  ) 

fijsductsaa 

. .  ,  . . . . . 

..  ,.„.„,tAsvbc  waiAUow) 

Rsdncer.^ _ 

Type  I  R^laccr ) 

Wty<5al,, 
%  ' 
% 

V{ 


Wt  /rial 

soMsfcy  wdgbt,.-.:,*., 
%  solMs.ly  wglffiCQe™..., 
VOC  pcsaads  pa-,gJtiDEoii., 
VOC  psms  pesr 


70JS4%  ) 
59.63%) 
,-.{ZS3) 
,,,(340) 


WtAjaL,  flf  soak , 
SqA  covetage  @ 
Gxams  pex  S(|,&  I 


— . iLiS  ) 

I  tmldbjf  ( fS4  Sq,  /'ft, ) 

I I  fflfl,  1.11?  ^aais) 


Scsepe;  (  fma.  'L.I )  TUs  m  a  hm  Veialil*  Conqwiisnd  (V’OC),  solvent  elaslatBsai^ 


aiaasm'OsdBMm'bmmspas^^ 

Ch^ss&m  (  Paa.  1.2  )  'rte  coaamg  ^haO  mert  tlsefonowiftg ; 

TypS  I ;  Slandind  I%iiirals, 

Oms  1 ;  SBBatlttEB  C^tssrate  'to»I  qsh-osod 

"V  iJati Ic  Oirgaruc  Coajpossad  (VOCJ  Corarot:  He  Biasaama  VOC  coetatit  of  thk  priitoar  osaiiisg  .^i 
^^ssam.:Aai^bc$m  pass  ja liter ( IS) 

,fat  iflacBOstMic  afp Jtotioa. 

^w5Mm.  to,  C«Bti4BQ?  (  3. 5. 1 )  The  coatiai:  fsas^iBEW  AaB  he  of 'taiii*  esafly  iia&ssd  If  ipiitt 

teasamik,  hcnir(jg«iee«a, 

:^raraB3iSi',sp«dfiajSirt'pejod!SfflBey®,  Tiim^f®dman.KeawliB«?tlie<fa%"6ga^ierafcje  of  jfj? 
aiBl3iaM:Mfkwii-iiftei®a|!eQf(  L7'’Cto46»CCj^i»U5T)u 
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;  ( .RsnL.3.6.5  )  .Alter  2  hcRirs  us  a  closed  contames',  the  YLsoosaty  of  Uto  adcautcd 
ooatiag  shal  l  not  ssrsed  ®  seconds  throogh  a  No.  4  F<sd  D^.  31ie  coating  shall  not  gd 
witte-ia  4  Ibwis:  aSer  Etimf . 

Seat  lUS  sMSBis  #4  Fad  Cup 

After  4  brau"-;  2“J-02  second,  after  8  hours  no 

Diyisgluae:  (ParaJJ.l.)  Tbeooadngsltdlbespsayjjfiiedtoadryfilmilaci^ 

3  iplsj  Cantton.  shiu.  be  taken  whea  redhiciag  die  ocaaiaf  not  to  exceed  the  tcjmnjiuii 
alkiuiablc  VOC  cunleat.  The  applied  coating  shall  be  allowed  lo  dry  at  (  TOT  ±  lO^F ) 

TkJc  Pit®  C4-lit»iis  1, . . 


t )  WIct.  sgiaratdy  applied  totMspinier  ojaangthaj  has  air  dried  far 
Ik  poiyiHtafesBie  sspeaat  shall  eahifeit  ao  lifliag  or  other  filja  uregularity. 
..7,4  )  The  priseex  shall  not  ped  away  fioai  the  sufcstrato  after  imoieE'jioQ 

Es.  — . . . . 


mmsm 


BSBmp 


i  iS 


■1:  MWt 


I  w  m  ^  «lli^ 

t*ii  iTj 


Ifii  HuWRewlatw  tCfataJ.SJ )  The  pritaar  shall  esiMKti»s(&sijipg.b&a^^ 
a4fi«jm  or^  «tef  iefeds  ato  awatesioja  fl>r  24  inws  in  tie  iiBowing, 

MI.'*L-23d99  Lahticatiflg  Oil  (  @  250°F  _ _ 

MiL'H«2S2Hydt3nlic  Raid  (  @  150T  . . . . 

17.  :  (7la.'a.3.83.1)  The  ptiiuercoeumg  shall  oMiit  no  biistaring.  lifting  e€  tie 

co«tiag  m  ailssitaie  »nr«i«i  ate-  e^osarc  lo  5%  salt  spray  fer  2000  kwra ...... 


. . Passes. 


„..Pasas 


PEjCmnOBI:  QiaiiicsiE^<aim:dtwBcoaE^)eBcntp(%atahaneetostti«sericptjmef  s3fiafcfcf»'i^|iJisati,i^ 
aircraft  and  aenispact:  equtprwaaL  Camponesjt  A  MrtalBS  tie  pipjsrt  and  tie  cil.-iree  pelyesa  jssIk.  CcafioiieBr 

B  is  the  ck^  aen-pigiiiasted  aSpiatic  tocyanaie  p^d^aisr'  poiijoa  wtidh  ads  m  i&s-  haide&HF  or  asriag  apof 
istCmapoBeMA, 

PfGiirfKNTS:  Shiftl  han't  ejoerbordBiBl^ty  and  he  farf  tee. 


oiJtfeammjiBSHn  VOCrflWgraajsperBttrw 


t  ■  I  ■■'  /.T«  ^  <■>  4  ..yyiiriK^iltPBSsTglgg 


i^aliaiia  acy  iodize 

law-asd  1500  e<|yiMJs«pi.iiaiiii»lL 


and  AMM'  lOOO, 


APPENDIX  D-2:  Deft®  MSDS 


Solvent -Based  Elastomeric  Polyurethane  Primer  Paint 
(TT-P-2760A,  Type  I,  Class  C) 
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*  (<«4tiS  A74-tMOfl 

17€S1  von  AVfHkM 

iM^r^ancy  Fboone; 

^  4S4>9>?Off 

CSlorrSiBC  I'l^caiei 

HrfXWB 

mu 
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H.B. 

H.B. 

H.E.. 

.7 

H 
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i 

SS¥ 
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i 
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10 
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H.t. 
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w 

0^ 
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mmrrnjirm  liJiMmxm 

77-S4-7  <  0.1 

H.l. 

H  JS. 

.1  nwg/id 

.1 

..2 

*3Wr 

Caioees  skia  otd  ^eyft  irritACioin.  tternihfijtl  if  iis^li'cnii#«<d  Vit  idMUoc^Msd) 
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APPENDIX  E-1:  Raw  Data  Table  for 
Solvent-Based  Epoxy-Polyamide  Primer  Paint 
(MIL-P-23377G,  Type  I,  Class  C) 


Large  Particle-Size  Range  Impactor 
(Mass  Cr^^  per  Mass  Dry  Paint)  x  100% 


Stage: 

1 

2 

3 

4 

5 

6 

7 

9.63% 

4.42% 

5.32% 

7.69% 

6.44% 

3.94% 

2.45% 

7.99% 

4.38% 

4.94% 

7.70% 

6.34% 

4.04% 

ND 

5.61% 

4.01% 

4.24% 

7.08% 

ND 

3.90% 

2.42% 

ND 

ND 

ND 

ND 

6.70% 

5.65% 

3.20% 

8.35% 

ND 

ND 

8.55% 

ND 

7.65% 

4.22% 

ND 

2.33% 

5.96% 

ND 

ND 

ND 

5.48% 

5.00% 

5.44% 

5.94% 

5.54% 

3.77% 

2.30% 

4.58% 

6.54% 

5.14% 

6.28% 

5.83% 

4.42% 

2.84% 

Mean  %Cr: 

6.94% 

4.45% 

5.17% 

7.20% 

6.17% 

4.77% 

2.90% 

n  = 

6 

6 

6 

6 

5 

7 

6 

std  dev  = 

1 .99% 

1 .37% 

0.98% 

0.47% 

1 .42% 

0.73% 

Small  Particle-Size  Range  Impactor 
(Mass  Cr^^  per  Mass  Dry  Paint)  x  100% 


Stage: 

1 

2 

3 

4 

5 

6 

7 

6.33% 

ND 

2.79% 

0.83% 

0.68% 

5.56% 

4.13% 

2.66% 

1 .82% 

1 .27% 

0.89% 

7.21% 

ND 

1.20% 

1.19% 

0.84% 

0.75% 

4.92% 

2.61% 

1.77% 

0.81% 

0.51% 

ND 

8.71% 

6.83% 

3.66% 

2.61% 

1 .44% 

0.98% 

8.71% 

ND 

2.46% 

2.52% 

1 .69% 

1 .42% 

9.30% 

4.40% 

2.67% 

1 .24% 

1 .25% 

0.93% 

5.97% 

4.07% 

2.67% 

2.25% 

1 .64% 

1 .29% 

Mean  %Cr: 

7.09% 

4.41% 

2.48% 

1 .74% 

1.18% 

0.99% 

n  = 

8 

5 

8 

8 

8 

7 

std  dev  = 

1 .65% 

1.53% 

0.73% 

0.67% 

0.42% 

0.27% 

Note:  ND  denotes  data  was  collected,  but  lost  before  analysis  was  complete 
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APPENDIX  E-2:  Raw  Data  Table  for 
Water-Based  Epoxy-Polyamide  Primer  Paint 
(MIL-PRF-85582C,  Type  I,  Class  C) 


6.05% 

6.44% 

4.43% 

7.27% 

5.70% 

4.98% 

4.68% 

4.89% 

7.34% 

5.61% 

8.61% 

5.01% 

8.19% 


6.71% 

ND 

5.43% 

4.83% 

ND 

4.73% 

5.19% 

3.30% 

5.30% 

5.57% 

8.23% 

6.16% 

7.20% 

5.41% 


6.65% 

6.39% 

5.99% 

4.93% 

ND 

5.30% 

ND 

4.35% 

ND 

7.36% 

8.10% 

8.29% 

7.04% 

6.12% 


6.23% 

6.34% 

5.18% 

5.95% 

6.78% 

ND 

ND 

6.07% 

6.45% 

5.48% 

5.47% 

9.46% 

5.89% 

8.87% 


ND 

6.31% 

5.42% 

6.65% 

7.00% 

6.22% 

5.61% 

5.44% 

6.83% 

5.83% 

5.97% 

9.58% 

5.42% 

6.19% 


8.74% 

6.15% 

2.46% 

1 .05% 

8.56% 

5.16% 

3.54% 

1 .60% 

5.68% 

ND 

2.49% 

0.81% 

7.35% 

4.43% 

2.41% 

0.95% 

6.36% 

6.01% 

2.83% 

1 .20% 

6.96% 

5.36% 

2.86% 

1.12% 

5.37% 

ND 

1.93% 

0.74% 

5.59% 

4.24% 

1.87% 

1 .00% 

5.48% 

4.65% 

3.32% 

1 .24% 

5.80% 

4.64% 

3.19% 

1 .23% 

5.46% 

4.28% 

4.00% 

1 .59% 

5.71% 

4.61% 

4.16% 

1 .78% 

4.97% 

4.22% 

3.40% 

1 .06% 

5.93% 

4.65% 

3.02% 

0.99% 

1.19% 
1.14% 
0.54% 
0.25% 
0.92% 
1 .07% 
0.92% 
0.59% 
0.52% 


ND 

0.54% 

0.53% 


1.17% 

ND 

0.51  % 
1.17% 
0.81  % 
1 .00% 
0.49% 
0.48% 
0.42% 
ND 

0.56% 

0.67% 

0.39% 

0.57% 
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APPENDIX  E-3:  Raw  Data  Table  for 
Solvent -Based  Elastomeric,  Polyurethane  Primer  Paint 
(TT-P-2760A,  Type  I,  Class  C) 


( 

Large  Particle-Size  Range  Impactor 
[Mass  Cr®^  per  Mass  Dry  Paint)  x  100% 

stage: 

1 

2 

3 

4 

5 

6 

7 

3.80% 

2.77% 

3.30% 

2.98% 

2.82% 

ND 

ND 

3.31% 

1.91% 

2.66% 

3.15% 

2.67% 

1.91% 

0.93% 

4.66% 

4.31% 

4.62% 

ND 

4.66% 

2.99% 

1 .57% 

4.66% 

3.92% 

ND 

4.25% 

4.14% 

3.25% 

1 .54% 

4.47% 

3.94% 

4.06% 

3.86% 

3.97% 

2.60% 

1 .22% 

4.20% 

1 .80% 

3.90% 

4.18% 

3.66% 

2.63% 

1 .25% 

4.77% 

4.59% 

4.17% 

4.83% 

4.85% 

3.03% 

1 .57% 

ND 

4.52% 

4.09% 

4.54% 

4.29% 

3.16% 

1 .49% 

4.87% 

4.44% 

4.46% 

4.13% 

4.56% 

1.13% 

4.17% 

4.31% 

3.83% 

2.61% 

2.87% 

2.08% 

1 .89% 

1 .58% 

average  %Cr: 

4.34% 

3.60% 

3.76% 

3.86% 

3.77% 

2.51% 

1 .70% 

n  = 

9 

10 

9 

9 

10 

9 

9 

std  dev  = 

0.51% 

1 .06% 

0.74% 

0.71% 

0.94% 

0.72% 

0.95% 

( 

Small  Particle-Size  Range  Impactor 
[Mass  Cr®^  per  Mass  Dry  Paint)  x  100% 

Stage: 

1 

2 

3 

4 

5 

6 

7 

3.30% 

2.26% 

1 .57% 

0.92% 

0.43% 

0.29% 

3.14% 

2.12% 

1 .23% 

0.83% 

0.48% 

0.32% 

3.70% 

2.74% 

1 .59% 

1.01% 

0.56% 

0.28% 

3.35% 

2.73% 

1 .70% 

0.93% 

0.61% 

0.42% 

3.89% 

3.42% 

1.80% 

0.83% 

0.43% 

0.27% 

4.72% 

2.63% 

1 .68% 

0.60% 

0.50% 

0.35% 

2.33% 

2.98% 

1 .66% 

1 .00% 

0.45% 

0.27% 

4.22% 

3.02% 

1.74% 

0.94% 

0.65% 

0.70% 

4.24% 

2.99% 

1.70% 

1 .02% 

0.51% 

0.29% 

4.28% 

2.98% 

1 .82% 

0.92% 

0.52% 

0.36% 

average  %Cr: 

3.72% 

2.79% 

1 .65% 

0.90% 

0.51% 

0.36% 

n  = 

10 

10 

10 

10 

10 

10 

std  dev  = 

0.70% 

0.39% 

0.17% 

0.13% 

0.08% 

0.13% 

Note:  ND  denotes  data  was  collected,  but  lost  before  analysis  was  complete 
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